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Ir may seem to be almost unnecessary glance briefly at what has been at- 
to occupy the time of the Institute in tempted thus far, then to indicate some 
further consideration of a question which of the more important lines of needed 
has been so comprehensively treated in | investigation, and finally to consider rea- 
papers already on file in our own Z7rans- sons why Government aid may with 
actions and in those of the American So- propriety be sought for in carrying on 
ciety of Civil Engineers. the work. 

Unfortunately, however, the results of At a Convention of the Society of 
these concerted efforts have not been to Civil Engineers, held at Chicago, June 
materially increase our stock of knowl- 5th, 1872, it was, on motion of General 
edge in the direction sought for; and as William Sooy Smith, resolved, that 
the necessity for this information is be- Whereas, American engineers are 
coming more and more apparent as the now mainly dependent upon formule 
demand for structural materials in- for the calculation of strength of the 
creases, it is believed that by continuing different forms of iron and steel, not - 
the agitation by means of discussions in based on experiments upon American 
this and kindred societies, whose mem-' materials and manufacture; and 
bers are vitally interested in obtaining Whereas, These differ greatly in many 
reliable data as to the properties of the of their characteristics from those of for- 
materials they are called upon to work eign production, both in their nature and 
with, public opinion may be educated up forms; therefore, 
to the importance of exerting such an Resolved, That a committee of five be 
influence upon the law makers of the appointed to urge upon the United 
country as will result in the formation States Government the importance of a 
of a competent board, with adequate thorough and complete series of tests of 
means at its disposal, to carry out this American iron and steel, and the great 
great work in a manner alike accept- value of formule to be deduced from 
able to the makers and users of the such experiments. 
materials in question. | Pursuant to this resolution a commit- 

It may be proper in the first place to | tee was appointed, by whose efforts Con- 
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gress was induced to pass a law, March of making cables for large vessels, and 
4th, 1875, providing for the appointment | to determine how uniform strength can 
of a United States Board to Test Iron | be secured in iron of different sizes in 
and Steel, and an appropriation of seven- | ‘the bar, and how to make large masses 
ty-five thousand dollars ($75,000) was | | equally strong with small pieces. 

made for that purpose. Alloys of copper-zine and copper-tin- 

The board appointed under the law | zinc were exhaustively examined and the 
above referred to consisted of Colonel | results exhibited on a small triangular 
T. T. S. Laidley, Ordnance Department, model from which may be obtained by 
U. S. A.; Commander L. A. Beardslee, | inspection the characteristics of any pos- 
U.S. N.; ’ Lieutenant-Colonel Q. A. Gill-| sible combination of these metals. 
more, U. §. A.; Chief Engineer David| Extensive preparations had also been 
Smith, U. S. N.; William Sooy Smith, | made for ascertaining experimentally the 
C.E.; A. L. Holley, C.E.; R. H. ‘Uhurs- strength of rolled beams and shape 
ton, A.M., C.E., Secretary; and they | irons, for which we are now dependent 
were ordered to report from time to time | almost entirely upon theoretical form- 
to the President of the United States. ulas. 

The first and most important duty of} Although the board had ceased to ex- 
the board was deemed to provide an ac-|ist, the machine remained the property 
curate testing machine. This proved to|of the United States. It is located in 
be a more serious matter than was at|the Watertown Arsenal, near Boston, 
first supposed. There were no snachinen | | under the immediate charge of the Ord- 
in the country which could be considered | nance Department of the army, and is 
as giving anything more than approxi- ‘nominally at the service of engineers and 
mate results; and to construct a new | others who may be able to defray the 

machine upon approved principles re-| | ‘necessarily heavy expense of working it 
quired much time and a large expendi-| for their own private benefit. So much 


ture of money ; much more, in fact, than for what has already been accomplished. 


was represented by the sum paid for it.| Should the efforts now being made to 
At length a machine was completed, | revive interest in the subject prove suc- 
which for accuracy of the results ob- cessful, the field for investigation will be 
tained and range of power exerted, is found to be most fruitful of results. To 
unequaled, perhaps, in the world. Ow- mention a few instances only: In the 
ing to the length of time expended in| department of bridges there were re- 
completing it, however, the original ap-| quired for last year’s construction not 
propriation became exhausted, and the Jess than 80,000 tons of Iron and steel 
board was legislated out of existence, | representing, say, 50 miles of bridges, 
having had scarcely an opportunity to over which the safety of life and limb is 
verify the capabilities of the very instru-| supposed to be assured by the accuracy 
ment which had been brought to perfec- | of the calculations of the designer, no 
tion under its fostering care, and less than the quality of the material em- 
through the proper use of which so) ployed. Of this material upwards of 35 
much valuable information could be ob-| per cent. is in the form of compound sec- 
tained. tions specially adapted to resist com- 
As might have been supposed, the! pressive strains; and yet until quite re- 
board did not confine its efforts to the | cently all the experimental data upon 
construction of this machine. About 150| which such sections are designed were 
specimens of steel were analyzed, and| obtained through the instrumentality of 
tests of their physical and mechanical  testing-machines which, particularly at 
properties made with a view to deter-| high pressure, are liable to give very er- 
mine the relations between chemical con- | roneous results. 
stitution and useful qualities. Quoting from Mr. Holley’s paper on 
In wrought iron the effects of reheat-'the United States Testing-machine at 
ing and rerolling were carefully exam-| Watertown, alluding to C. E. Emery’s 
ined, and the report contains valuable device for overcoming packing friction : 
information as to the different processes “It is certainly worth many times its 


| 


of making and rolling iron, the effects of 
various kinds of strain, the best methods 


cost in proving the worthlessnes of hy- 


‘draulic testing-machines as heretofore 
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constructed. The readings of the per- 
manent weighing apparatus as compared 
with those of the cylinder gauge when 
the piston was not revolving, showed in 
some cases an error of 40 per cent.” 

‘It is safe to say that the recent fall of 
one of the most important bridges in the 
country would not have occurred, if, at 
the time of its construction, the engi- 
neer could have tested full-sized sections 
of his material on such a machine as the 
Government now owns at Watertown 
Arsenal. 

The tension members of bridges are 
in the form of eyebars varying in sec- 
tional area from one inch to twenty 
inches. Until quite recently it was as- 
sumed that the same strain per square 
inch might be applied indiscriminately 
without regard to the size of the mem- 
bers, or to the amount of work done 
upon the material in the rolls; but the 
few bars which have already been tested 
at Watertown clearly indicate that this is 
a most erroneous assumption; and one 
of the first duties of a testing board 
would be to establish the law governing 
the diminution of strength due to in- 
creased section, and to establish the re- 
lation between ductility and ultimate 
strength. Then would follow tests to 
determine proper form of head, and such 
other details of manufacture as might 
suggest themselves. 

Of rolled beams there were produced 
last year upwards of 50,000 tons. This 
form of product is used chiefly in floors 
of buildings, often to sustain great 
weight, as in warehouses, and somewhat 
also as stringers in bridges. Their 
strength is estimated by theoretical form- 
was in which the physical constants 
are taken from experiments upon foreign 
irons tested under circumstances en- 
tirely different from what are obtained 
in actual practice. Fortunately for the 
cuase of safety in the use of such ma- 
terials it is probable that the formulas in 
question do not represent the full 
strength, and that a considerable amount 
of unnecessary weight is loaded upon 
our structures in consequence; but there 
is ‘all the more reason why the actual 
strength should be determined by ex- 
periment, in order that an uniform 
factor of safety may apply to every mem- 
ber of a structure, or in other words, that 
it shall be equally strong in all its parts. 


Did time permit, it would be possible 
to point out many other directions in 
which experimental knowledge is sadly 
needed, but if nothing else were done 
than to determine practically the laws 
which govern the strength of compres- 
sion and tension members of bridges, 
‘and the flexure of rolled beams, a very 
great advance would be made in our 
‘modes of construction, and a greater 
safety would be assured to the hundreds 
of thousands of people who are constant- 
ly trusting their lives upon such struct- 
‘ures. 

What has been said regarding the im- 
portance of testing particular construc- 
‘tions applies equally to iron and to 
steel; but there are special reasons for 
‘investigating the properities of steel 
| which should command attention. It is 
|admitted to be the metal of the future, 
‘for large constructions at least; it is 
stronger and more homogeneous than the 
best iron, and owing to the substitution 
‘of mechanical appliances for wasteful 
muscular effort in its manufacture, there 
willcomea time, and that before very long, 
when it can be furnished commercially at 
less cost than iron, in large quantities 
and of uniform quality. It only remains 
now to determine by a competent and 
disinterested authority what the general 
characteristics of this material are, to in- 
sure for it a continually increasing de- 
mand. 

At present the finished product of the 
converter is principally in the form of 
steel rails. It so happens that the best 
testing-machine for a steel rail is the 
track, and railroad companies, by careful 
inspection, taken in connection with chem- 
ical analysis, are thus experimentally de- 
termining the quality of steel which an- 
swers best for that particular purpose. 

For other constructions, such as 
bridge and ship work, very different 
qualities of steel are required, depend- 
ing on the nature and direction of the 
forces to which it is subjected; and un- 
til all such questions are determined by 
competent and disinterested investigat- 
ors, the benefits to be derived from the 
cheap production of steel by the pneu- 
matic or open-hearth processes, will for 
a long time be confined to the favored 
few who are engaged in supplying the 
demand for steel rails. 

It is hoped that enough has been said 
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to establish the fact that a producing | States i is in possession of a most impor- 
class of the community stands in want) tant element in the problem, the testing- 


to-day of certain scientific information, | 
|sents a very considerable expenditure in 


which, if obtained promptly and in a 


manner to command universal accept-| 
ance, would tend to improve and enlarge | 


one of the staple industries of the coun- 
try. From the nature of the case such 


! 


information can best be obtained by the | 
assistance of the general government. | 
Shall the effort be made to secure such 


assistance ? 

It may be asked, why should the 
United States Government appropriate 
money for the purpose of making ex- 
perimental investigations which might as 
well be undertaken by those who are 
immediately interested? In reply to 
to this, the following quotation from the 
memorial recently presented to Congress 
by the American Society of Civil Engi- 
neers will commend itself: 

“ And your memorialists further rep- 
resent that there is no prospect that the 
necessary tests will be made without the 
aid of government. Should private 
manufacturers or builders test their own 
materials they might not give the public 
the benefit of their experiments; such 
experiments would not have that assur- 
ance or impartiality and that high au | 
thority which those made under the au- 


machine already referred to; it repre- 


money and years of patient labor, which, 
it is safe to say, would never have been 
expended had there not been a well- 
grounded hope that an amount of knowl- 
edge would be obtained through its instru- 
mentality which would contribute largely 
to the general good. 

In its present shape this machine is 


| utterly unable to meet the wants of even 


such private demands as are made upon 
it. I am informed by an engineer now 
engaged in the construction of one of 
the most important bridges in the coun- 
try, that he recently sent to Watertown 
nine steel eyebars to be tested, and it 
required seven and a half days to make 
the tests, while the cost to his company 


Was at the rate of $15 for each bar. This 
is admitted to be due to the fact that 
there are no means at the disposal of the 


department wherewith to engage an effi- 
cient permanent staff of assistants to 
handle the specimens promptly, and the 


| result is that a most valuable instrument 
|for scientific research is allowed to re- 


main in comparative idleness for the 
| want of a few thousand dollars. 
As to the most effectual, means of ex- 


thority of the government would have. | | pending government aid in the direc- 
Experiments conducted by private par-| tion sought, there may be difference of 
ties would be so different in the objects, opinion, but all are agreed as to the ne- 
methods, and circumstances of applying | cessity of obtaining results which may 
tests as to render it impossible to prop- | be accepted as authority alike by manu- 


erly collate and verify them ; they would | facturers, builders, and engineers. 


This 


therefore be of comparatively little value | could be accomplished either by the ap- 


in ascertaining accurate 
sults.” 


I am aware that it is often a difficult | 
|propriation to purchase materials and 


matter for legislators to draw the line 
between public and private interests, 
and that in the multiplicity of claims 
made upon them they must be expected 
to look doubtingly upon anything that 
calls for money; but it would seem that 
where such enormous revenues are de- 
rived by the country from the effort to 
secure the exclusive consumption of 
American manufactures of iron and 
steel, it would be asking no more than 
justice for the users of these materials 
that the government should lend sub- 
stantial aid in determining their general 
characteristics. 

Again, the government of the United 


general re-| | pointment of a special committee, similar 


ito the one created under the law of 





March 4th, 1875, with an adequate ap- 


make a comprehensive series of tests; or 
failing in this, a moderate sum of money 
might be placed at the disposal of such 
an institution as the one under whose 
auspices we are now assembled, to be ex- 
pended in testing such constructions as 
would be furnished from time to time by 
engineers and others in their regular 
practice, with the understanding that all 
information thus obtained should become 
public property by regular publication in 
the Zransactions of this and kindred so- 
cieties. Could we feel assured of the 
permanence of a special commission, the 
members of which could devote the nec- 





essary time to the work, this would doubt- 
less be the most satisfactory to a large 
majority of those interested. 

There are uncertainties, however, con- 
nected with all such special legislation in 
a government constituted as ours is, that 
should be carefully considered in this 
connection lest we should be compelled 
to undergo a similar experience to that 
which befell the previous board, which, 
from no fault of its own, was brought to 
an untimely end after having perfected 
the means by which, for the first time, 
really accurate testing could be done in 
this country. 


It is to be hoped that eventually a De- | 


partment of Public Works will be insti- 
tuted, having a co-ordinate power with 
other departments, as of the Interior, 
for example, to which all questions re- 
lating to the expenditure of public 
money, either for internal improvements 


or for scientific investigations connected | 


therewith, may be referred, and through 
which the interests of the producing 
classes, including engineers, builders, 
and manufacturers, may receive that spe- 
cial consideration which their impor- 
tance demands. 

Whatever method may be adopted will 
be liable to defects as a matter of course. 
We must be content to go slowly and 
surely, to be patient and judicious in ad- 
vocating our claims, and above all to 
bear in mind that if our cause is a good 
one, as we believe it to be, and we do 


not succeed in impressing its importance | 


upon Congress, it will, in all probability, 
be our own fault. 


REMARKS OF GENERAL MEIGS. 
I do not know that I can do any more 


than to express my entire concurrence | 
in the views which have been already ex | 
pressed by Mr. Macdonald. It appears 


to me that he has gone over the whole 
subject. I might add in regard to ap- 
pealing to the government for an appro- 
priation, that the government itself is 


the largest single user of these materials; | 


the railroads together use more, but 
there is no single organization which 
uses so much. Congress appropriates 
the money with which are builded the 
large government structures that are 
found now in almost every city. It is 
stated in the public press that it is con- 
templating the erection of a hundred 
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new government buildings in a hundred 
cities this year. In all these buildings 
the floors are supported upon rolled iron 
beams, and the principal materials used 
for roofs are iron. These buildings are 
all dependent for their cost upon the 
size of their dominant members, and, as 
a consequence, upon the factor of safety 
which the engineer allows; so that as 
long as there is uncertainty as to the 
proper coefficient of safety, perhaps from 
two to five times as much metal as is 
actually necessary may be put into these 
members. There are other materials 
| used in buildings,—brick, stone, marble, 
timber,—but these materials we buy by 
the cubic yard or cubic foot, they are 
comparatively inexpensive; metal we buy 
by the pound and at this time we pay 
pretty high prices for the pound; so that 
if we can reduce our general coefficient 
of safety, we save perhaps one-half to 
two-thirds of the actual cost of the ma- 
terial used. Congress sits under a roof 
of iron, its building is crowned by an 
iron dome; it is about building a new 
navy and is considering whether it shall 
be of steel or of iron, and the result will 
depend upon the comparative qualities 
of steel and iron. I see it stated by a 
gentleman, eminent in the actual prac- 
tice of steel making, that his company is 
prepared now to furnish steel which 
shall be guaranteed a tensile strength of 
60,000 pounds to the square inch, with 
30 per cent. elongation. One can hardly 
imagine a more admirable metal. 

Therefore I think that this society can 
with a good heart go to Congress, and if 
they can only convince some of its lead- 
|ing members of the necessity of more 
knowledge on this subject, it appears to 
me they must meet with success. 


REMARKS OF MR. T. C. CLARKE. 


The history of iron construction in 
this country well illustrates the three 
| phases of thought described by Auguste 
|Compte, the French philosopher. 

The first is the era of faith, when be- 
‘lief in the safety of structures rests on 
‘the authority of the designer. The 
second is the era of criticism, when plans 
‘of structures are analyzed with much 
;mathematical skill, but the data upon 
'which the chain of reasoning depends is 
‘assumed upon insufficient experiment. 
|The third, upon which we are now enter- 
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ing, is a scientific era which demands | anything about it at all until experi- 
experimental proof. It also demands | ments are made in the way that I have 
that this proof shall be derived from ex-| indicated in some such machine as this, 
periments made on full-sized specimens, | I venture to say that Messrs. Fowler & 
such as are in actual use, and not upon Baker, who expect to build the great 
toy models. bridge over the Firth of Forth, in Scot- 
Until the construction of the United land, cannot find out anything about the 
States testing-machine, now at Water- | strength of the parts of their structure, 
town Arsenal, it was impossible to make | unless they have a machine equal to our 
such experiments with accuracy. We government machine. Then, the last 
now have a machine in which we can thing of all, after having made the ex- 
test full sized specimens of every part of | periments, they ought to be published 
a bridge or other structure that we want | monthly and sold in all book-stores. 
to use, and under the same conditions in | Then every engineer could get a report, 
which it is actually used. The next|/and would have questions to ask and 
thing is to get money to make these ex- | suggestions to make, and would at once 
periments available. No private indi- | write to the board and give them the 
viduals can afford to do it, and even if| benefit of his thoughts. These sugges- 
they could, they might wish to keep the | tions would be one of the most valuable 
results to themselves. So that the next| results of prompt publication. 
point is that we want money, and that I 
believe everybydy thinks we should ask 
Congress for it. We want also, as has 





REMARKS, OF MR. 0. CHANUTE. 
In discussion of Mr. Macdonald's 


been said, some one who shall make a 
business of testing, and who has plenty 
of time. Persons who are employed in 


private business are too much in a hurry, 


they want to do a thing and get done 
with it, and then do something else; but 


government officers are entirely free| 


from this feeling; time to them is of no 


paper, I can say little more than to add 
to the general acknowledgments of ig- 
norance, and like several of the gentle- 
men who have preceded me, make one 
of those confessions which are thought 
to be good for the soul. 

Having had some experience in the 
erection of bridges during past years, I 





account, and in experimenting that is|am aware that we yet need much infor- 
the very element that is of value ; itdoes| mation in order to proportion them to 
not do to be hurried; the great thing is| the best advantage. . 

to get it right and to test your results, | I would more especially like to empha- 
and go over it again and again. And |size three of the points mentioned by 
the experimenter who operates the ma-| Mr. Macdonald, as among those upon 
chine must be some person educated up| which we lack knowledge; these are: 
to the use of it. Wethen want a gen- first, the behavior of steel: second, the 
eral advisory board who will indicate «| proportions of compression members ; 
plan of experiments, collect the results, | and, third, the influence of the size of a 
and publish them. Some experiments | bar upon its strength per square inch. 
were made the other day at the Water-| First, as to steel. While we all ac- 
town Arsenal upon full-sized Phenix knowledge this as the material of the 
columns. Any one can see at once that | future, our position may be said to be 
these are very valuable experiments, be-| still one of expectancy. Few engineers 
cause we have certain columns all of the | are bold enough to employ it largely in 
same quality of metal, the same work-| bridges, and those who do, find such 
manship, and the same cross-sections, serious difficulties in obtaining uniform 
and differing only in length. As far as grades of it, are so puzzled by apparent 
these columns are concerned this would anomalies and unexpected phenomena, 
be all, but it would then suggest itself| that it requires considerable faith and 
that we make experiments with the same courage to apply it in large structural 
columns alike in other respect but with! masses. A series of systematic experi- 
different cross-sections, and then test ments, such as have been partially made 
them made of steel, and so on. The by various European nations in their 
engineer is often asked why don’t you government shipyards and elsewhere, 
use steel? We can’t expect to know’ by which we should be enabled to con- 
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nect the influence of the chemistry of | 40,000 pounds to the square inch. Ac- 


steel and of the process of its manufac- | cordingly, with the aid of the formulas I 


ture, with results of the various modes 


of working the product into its final | 


shape, would doubtless add so largely to 
our knowledge of modern structural 
steel, as to make reasonably clear much 
that we now only suspect, and give us 
the necessary knowledge and confidence 
to avail ourselves of the increased 
strength and economy which this metal 
promises. At present we know that the 
strength exists, but we also know that 
steel is brittle under many conditions; 
and where human lives are at stake, 
where failure would involve such dis- 
astrous consequences, we dare not avail 
ourselves of the strength of that metal, 
unless reasonably sure that it will not 
break. 

Second, as to compression members of 
structures. They are now proportioned 
upon formulas which were framed many 
years ago in England, and which were 
based upon very few experiments, some 
thirty in number, if I recollect rightly. 
Not only were those experiments tried 
upon pieces materially smaller, and of 
different shape from those which we now 
generally use, but they were made with 
English irons, which are found to differ 
in some respects from the characteristics 
of American irons. We have accordingly 
made some changes in the constant nu- 
merical factors of the formulas, to at- 
tempt to adapt them to our use, but we 
now find from the experiments recently 
made at Watertown with the govern- 
ment machine, for Messrs. Clarke, Reeves 
& Co., that even the modified formulas 
are erroneous, and do not agree with the 
actual condition of affairs. In fact there 
is great uncertainty as to the actual 
strength of the bridges which we are 
now daily erecting. Their strength is of 
course limited by that of the weakest 
part, but while we endeavor to make 
every part equally strong, as well as we 
know how, yet we are almost entirely 
ignorant as to what is actually the weak- 
est part of a bridge of any magnitude, 
and of just where it would give way tirst, 
if loaded to rupture. 

While no man knows exactly what 
weight will crush flat, say a 4-inch cube 
of wrought iron, we do know that it be- 
gins to yield, without recovering its 
shape, at pressures of some 36,000 to 


have mentioned, we proportion compres- 
sion members for an assumed crippling 
point, varying from, say 35,000 pounds 
to the square inch, for pieces of ten di- 
ameters in length, down to about 24,000 


pounds to the square inch for pieces 


forty diameters in length, and upon these 
we allow strains varying from 7,000 to 
4,800 pounds to the square inch, as 
working compressive loads ; while in ten- 
sion we allow some 10,000 pounds to the 
inch on iron, with a breaking strength of 
46,000 to 50,000 pounds, and an elastic 
limit of 26,000 pounds per square inch. 

Now, in my judgment, the crippling 
point of a compression piece corresponds 
more nearly with the elastic limit in 
tension, than with the ultimate or break- 
ing strength. The probabilities of any 
compression bridge member being 
strained up to the crippling point, are 
nearly as remote as the probabilities of 
a tension member being strained up to 
its elastic limit, and to have all parts 
equally strong, should experiments justify 
this view, we should base our assumed 
margin of strength (you will note that I 
do not use the term “factor of safety,” 
as I think it misleading), upon the crip- 
pling strength and the elastic limit of 
the material. As for myself, I believe 
that we are now making our compression 
members considerably stronger than the 
tension members; that if we were to 
break down a bridge by fair loading, 
granting of course that all the connec- 
tions should be made stronger than the 
body of the pieces they attach together, 
rupture would probably first take place 
in one of the tension members. But 
then while so believing, I do not know. 
I confess my ignorance upon this point, 
and until this ignorance is removed, I 
shall go on specifying for proportioning 
bridges in the old way, and with the old 
formulas. 

Third. Not only is there great uncer- 
tainty concerning the actual strength of 
compression members, but we do not 
know accurately the strength in tension 
of full-sized bars worked to various di- 
mensions and with a different amount of 
pulling and squeezing in the rolls. 

In the bridge specification of the New 


York, Lake Erie and Western Railroad, 


we require that full-sized pieces of flat, 





184 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





round or square iron, not over 44 inches 
in sectional area, shall have an ultimate 
strength of 50,000 pounds per square 
inch, and stretch 12} per cent. in their 
whole length, while for bars of a larger 
sectional area than 44 inches, we allow a/ 
reduction of 1,000 pounds per square | 
inch, for each additional square inch of 


to the point of ascertaining the quality of 
the metal furnished ; but we have pre- 
served many of the specimens, and a 
testing board could ascertain the chemi- 
cal constitution of each, and, perhaps, be 
enabled to connect the various behavior 
of the specimens with their chemical 
characteristic and the process of their 
manufacture. 





section, down to a minimum of 46,000 
pounds per square inch. This was; For information as to the best forms, 
adopted after consultation with various | however, we must rely upon the govern- 
manufacturers of iron, who had large ment machine, and especially upon 
experience; but the discrepancies be-| government aid, as no single firm or 
tween the data which they furnished,and corporation has sufficient interest at 
the views which they expressed when the | stake to warrant it in planning and pay- 
proofs of the specifications were sub- ing for the great cost of a systematic 





mitted to them, showed clearly that they 
did not agree as to results, and that 
they too were in need of further experi- 
ments upon full-sized members of various 
dimensions. 

In the government machine at Water- 
town, we have for the first time in this 
country, a machine adequate to obtain 
correct results upon full-sized members. 
It has a capacity of 400 tons, while 
former machines at various bridge works 
had a capacity of only 150 tons, and 
could not be trusted to work accurately, 
to even 100 tons. Tension members 
being composed of several parallel bars, 
could be tested in detail, provided the 
dimensions of the bars did not exceed 
say 8 inches by 1 inch, but compression 
members, with a sectional area of say 12 
to 20 square inches, could not be tested 
at all, and resort had to be had to small 
models, which, as already stated, are not 
found to give the same results as full- 
sized pieces. 

Tests are made for two purposes ; first, 
to ascertain the best form in which the! 
metal can be placed to resist the strains; 
and, second, to ascertain the quality of 
the metal itself. Upon the latter point 
experiments are being made every day 
by manufacturers, bridge builders, and | 


corporations which are erecting struct- | 
Every time we contract for a) 
bridge we test many specimens of the) 


ures. 


materials which go into it, and the cor- 
poration with which I am connected has 
tried hundreds of experiments upon the 
quality of the metals it has used, which 
will be very much at the service of a 


testing board, should one be appointed. | 
These experiments have been carried as 


far as we had any interest, that is to say, 


| . . . 
series of experiments, to ascertain what 


are absolutely the best shapes into which 
to put the members (chiefly those of com- 
pression), by testing full-sized pieces. 
Moreover, if any firm or corporation 
were to become possessed of information 
which is so much needed, it would prob- 
ably endeavor to give it commercial 
value, and to recoup its expenses, to say 
the least, by keeping such information 
for itself as long as it could, and the 
general public of metal users would re- 
main in its present ignorance. 

It seems to me, therefore, that the 
general government is the proper party 
to institute and carry out the needed ex- 
periments, not so much because, as has 
been claimed, the materials to be tested 
are “American” iron, steel, and other 
metals, but because there is need of 
|general information, which no single 
| other party is likely to obtain and make 
| public. The government has the ma- 
‘chine, it has abundant resources, and 
the manufacturers and engineers of the 
country, with universal goed will, stand 





‘ready to tender their aid and technical 


knowledge. 

Now one word as to the organization 
of the inquiry and the doing of the work. 
There should be some general plan of 
operations, and this would probably be 
best evolved by the deliberations of a 
commission, but the actual work will be 
chiefly done, as I think, by one man, 
that is to say, by the man who may be 
placed in general charge of tlie experi- 
ments, and whose duty it will be (to 
draw an analogy from industrial organi- 
zations) to act as chief executive officer, 
or superintendent if you will, and to plan 
and draw deductions from the various 





needed experiments. The commission, 
if commission there be, may lay out the 
general plan, but it must have some one 
head in charge of the actual carrying of 
it out. 

But how shall we secure the selection 
of the very best man to put into that 
position? He may be appointed in many 
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ways. He may be selected by the Presi- 
dent of the United States, or by the, 
Secretary of War, or by the Secretary of 
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man. A mistake may be made at first, 
and changes may have to be made, until 
the right man, a man like Kirkaldy, in 
England, is brought forward, who shall 
possess the necessary technical skill, the 
executive ability, and the high standard 
of accuracy and thoroughness to con- 
duct the experiments, as well as the 
talent to deduce general conclusions 
from them. 

Upon the whole, I believe that the best 


the Navy, or by the head of one of the way of selecting such a man, would be 
government bureaus, or by the commis- | through a board of commissioners. This 
sion which has been suggested, and which | plan has been found to work best for 
would thus act (to refer again to indus- joint-stock companies carrying on large 
trial organizations) as a board of direc- operations, and I hope that Congress 
tors or trustees. It does not, in my/ will organize the work through a com- 


judgment, make much difference how he | mission as prayed for in the memorial of 
is selected, provided we get the right | the Society of Civil Engineers. 
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FOR THE INVOLUTION AND EVOLUTION OF POLYNOMIALS. 


By GEORGE H: JOHNSON, B.S. 


Contributed to VAN NosTRAND’s ENGINEERING MAGAZINE. 


Tat mathematicians have recognized 
the need of a general theorem for raising 
any polynomial to any power, is evident 
from the various attempts which have 
been made to find an easy method of 
writing the powers of polynomials, with- 
out using the tedious process of multi- 
plication. ‘The tables of numerical coef- 
ficients which have been obtained em- 
pirically ; the general term in the expan- 
sion of the nth power of any polynomial, 
as given by Todhunter, Hackley, and 
others ; and the adaptation of Arbogast’s 
theorem to algebraic involution as given 
by Galbraith and Strong, show what has 
been done in this direction. That these 
attempts have not been sucessful in at- 


* The following extract is taken from the report of 





the committee who examined the theorems: 


taining simplicity and utility is evident 
from the fact that no reference is made 
to them in many standard treatises on 
Algebra. 

After careful study I have deduced the 
laws of formation of the nt power of 
any polynomial, and have expressed them 
in a theorem which is both simple and 
explicit. 

{ believe that a brief examination is 
sufficient to show the decided superiority 
of this method. 

Great simplicity is attained by arrang- 
ing the answer in the form of an entire 
function, as the coefficients are repeated 
as many times as there are terms in the 
given polynomial. It will be seen by 
examining different examples that the 
use of the theorem saves about 75 per 
cent. of the work of multiplication, and 


New Brunswick, N. J., June 19, 188. | about 50 per cent. of that required 


The Knickerbocker Prize for Original Research 
has been awarded to George H. Johnson of New 
Brunswick for his paper on “The Universal Theo- 
rem.” The subject is one which has exercised the 
powers of the ablest mathematicians, and the ac- 
complished expert who examined it says that “‘it is 
clear and complete, and no doubt is entirely original. | 
The theorem is given a convenient form for practical | 
work, both as a formula and a rule, It is a general 
theorem of which Newton’s Binomial Theorem is a | 
particular case. I regard it as a very highly meritori- | 
ous production.” 

Gro. H. Ccoxk, Writi1am J. R. Tayor, 


Davip D. DemorEst, Committee. 


| when substitutions are made in the bi- 


nomial formula. When the polynomial 
contains a large number of terms, or the 
power is high, the advantage in using the 
Universal Theorem is even greater. Sup- 
pose that we desire the fourth power of 
a polynomial containing ten terms. 

The required expansion contains seven 
hundred and fifteen terms, which may be 
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written down immediately by using the | containing an infinite number of special 
theorem. If worked by multiplication,|theorems. As the first case, we have the 
taking the square of the square, we must| expansion of any binomial to the nth 
use three thousand nine hundred and) power, which is Newton’s Binomial 
seventy terms. If we use the Binomial|Theorem. We may obtain in the same 
Theorem we must make eight substitu-| way trinomial and quadrinomial theo- 
tions and use over two thousand terms. | rems. 

In this case we see that the Binomial, We may have asecond series for raising 
Theorem saves less than one-half of the | any polynomial to any specified positive 
work of multiplication, whereas the Uni-| integral power; for example, to cube 


versal Theorem saves nearly five-sixths | 


of the work. 

I have used the same method to dis- | 
cover the theorem which Sir Isaac New- | 
ton used to obtain the Binomial Theorem. | 
That is, I have compared a great many | 
developed powers in order to discover | 
the laws of formation. I have denomi- | 
nated the theorem “ Universal” because | 


it may be applied to the involution and | 


evolution of any algebraic expression. 


From the Universal Theorem may be de- | 
duced an infinite number of special | 


theorems. Indeed, we may deduce from 


it several series of theorems, each series | 


any polynomial. 

| We may have a third series the same 
as the preceding, except that the expo- 
nents of the required powers are nega- 
tive. Finally, we have two more series 
in which the exponents of the required 
powers are positive and negative frac- 
|tions. By making the exponent of the 
required power, minus one, I have ob- 
tained a theorem for writing the recipro- 
‘eal of any polynomial. I have also made 
several numerical applications of the 
Universal Theorem, and have thus found 
‘an abridged method for obtaining the 
squares and cubes of numbers. 


STANDARD MEASUREMENTS. 


By GEORGE M. BOND, Hartrorp, Conn. 


Transactions of the American Society of Mechanical Engineers. 


Tue subject of standard measurements | 


is nut a new one, though it has received 
the attention of minds well qualified to 
master it; still, the lack of a definite 
system of uniform sizes for general] use, 
especially in machine construction, led 
to the appointing of a committee by the 
Master Car Builders’ Association to se- 
lect some one prominent firm engaged in 
tool-making, to undertake to furnish 
standard United States, or “ Franklin 
Institute ” thread screw gauges. 


The choice fell to the Pratt & Whitney | 
Company, of Hartford, Conn.; and in| 
order to commence aright, the services | 


of Professor W. A. Rogers, of Harvard 
College Observatory, Cambridge, were 


enlisted for the purpose of obtaining an 


exact transfer from the British Imperial 
Yard, thus enabling the company to feel 
assured that the “bottom” 


necessary for a correct beginning. 


had been | 
reached, and to do, once for all, and for | 
the benefit of all, what seemed absolutely | 


The necessities growing out of the 
difficulties of subdividing the yard, and 
of applying such subdivisions in prac- 
tice, led to the construction by them of a 
comparator, of the form which Professor 
Rogers found best adapted to compari- 
son of standards. Two of these com- 
parators, or “ measuring machines,” have 
been made ; one to be placed in position 
at Harvard College, and the other to 
remain at the works of the company for 
use in future comparisons. 

It- is not the intention in the present 
paper to give an exhaustive report, or a 
detailed account of the condition, at this 
late day, of the question of standards of 
length, but simply to furnish, in a brief 
and general way, such facts and state- 
ments regarding the subject as are of 
importance to those interested in the 
adoption of a uniform standard of size 
in the manufacture of tools and machin- 
ery requiring interchangeability of parts, 
| and to show in what the standard for the 
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basis of future measurements consists, | 
and the method adopted for determining 
how closely in practice such standard | 
measurements may be applied. 

As is well known, three natural units 
have been proposed as the basis of 
standards of length, as follows: 

I. The length of a pendulum beating | 
seconds in a vacuum, at the level of the 
sea, in the latitude of London. 

II. One ten-millionth part of the 
quadrant of the earth's circumference. 

III. The length of a wave-length of 
given refrangibility. 

The first of these natural units was 
found to be unsuitable for the accurate 
restoration of the original British Yard, 
rendered useless by the great fire, Octo- 
ber 16th, 1834, which destroyed both 
houses of Parliament, where tne stand-| 
ard had been kept. 

Sir Francis Baily, Bessel, Kater, and 
Dr. Young found serious errors affecting | 
the comparisons originally made between | 
the bar marked “Standard, 1760,” and! 
the exact length of a pendulum beating 
seconds under the above conditions. 

It may be interesting to here insert 
the act legalizing the standard : 

‘*SecTION 1. Be it enacted . . . . that from 
and after the first day of May, one thousand 
eight hundred end twenty-five, the straight 
line or distance between the centers of the two 
points in the gold studs in the straight brass 
rod, now in the custody of the clerk of the 
House of Commons, whereon the words and 
figures ‘‘ Standard Yard, 1760," are engraved, 
shall be, and the same is hereby declared to be, 
the original and genuine standard of that meas- 
ure of length or lineal extension called a Yard; 
and that the same straight line or distance be- 
tween the centers of the said two points in the 
said gold studs, in the said brass rod, the brass | 
being at the temperature of sixty-two degrees 
Fahrenheit’s thermometer, shall be, and is 
hereby denominated the Imperial Standard 
Yard. 


} 
| 


* * * * * 


‘Sec 3 And whereas it is expedient that 
the said Standard Yard, if lost, destroyed, de- | 
faced, or otherwise injured, should be restored 
to the same length by reference to some inva- 
riable natural standard; and whereas it has 
been ascertained by the commissioners appoint- 
ed by His Majesty to inquire into the subject 
of weights and measures, that the said Yard 
hereby declared to be the Imperial Standard 
Yard when compared with a pendulum vibrat- 
ing seconds of mean time, in the latitude of | 
London, in a vacuum at the level of the sea, is 
in the proportion of thirty-six inches to thirty- | 
nine inches, and one thousand three hundred | 
and ninety-three ten-thousandths parts of an | 


inch. 
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*« Be it therefore enacted and declared, that 
if at any time hereafter, the said Imperial 
Standard Yard shall be lost, or in any manner 
destroyed, defaced, or otherwise injured, it 
shall and may be restored by making a new 
Standard Yard, bearing the same proportion to 
such pendulum as aforesaid as the said Impe- 
rial Standard Yard bears to such pendulum.” 

In view, therefore, of the errors due 
to the doubtful reductions of the level of 
the sea, and the estimated specific grav- 
ity of the pendulum employed, and also 
to other important factors, shown conclu- 
sively by Dr. Young, Kater, Bessel, and 
Baily, to be unreliable, the method 
adopted and employed in restoring the 
Imperial Yard, was to use standards 
which had previously been compared 
with it. 

The bars available for this purpose 
were: 

(a.) Shuckburgh’s scale (0 — 36 inch- 
es). 

(6.) Shuckburgh’s scale, with Kater'’s 
authority. 

(c.) The yard of the Royal Society, 
constructed by Kater. 

(d.) The Royal Astronomical Society's 
brass tubular scale. 

(e.) Two iron bars, marked A, and A,, 
belonging to the Ordnance Department, 
and preserved in the office of the Trig- 
onometrical Survey. 

The restoration of the standard was 
intrusted to Sir Francis Baily, but his 
death occurring soon after, the work of 
restoration was committed to the Rev. 
R. Sheepshanks. Baily had, however, 
made numerous experiments regarding 
the proper material to be used, and that 
now adopted is known as Baily’s metal, 
the composition of which is: copper, 16 ; 
tin, 2.5; zine, 1. 

The mean of all the observations 
taken, in comparing these available 
standards, led Sheepshanks to assume 
that “Brass Bar 2,” the name given to 
the working or provisional standard em- 
ployed in his investigations, was equal 
to 36.00025 inches, in terms of the lost 
Imperial Yard, at 62° Fahrenheit. 

The Imperial Standard Yard, known 
as * Bronze 19,” or as now denominated 
“No. 1,” was then constructed according 
to this equation. It was made of Baily’s 
metal, and of the following dimensions : 

Length, 38 inches; width, 1 inch; 
depth, 1 inch. 

Gold plugs are inserted in wells sunk 
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one-half the depth of the bar. The) the bar upon supports in such a way as 
graduations are upon these gold plugs. (to neutralize this tendency of bending, 

“Bronze No. 1” is the national stand- and having the surface carefully worked 
ard yard, and is kept in what is known | to a plane under a microscope of a high 
as the “Strong Room” of the Old Pal-| power before the lines are ruled. This 
ace Yard, in London. | difficulty is removed if the lines which 

Besides this bar, four Parliamentary | are subsequently traced remain in focus 
copies were made, one copy being kept | throughout the entire length of the bar. 
in the Royal Mint, one in charge of the| Professor Rogers’ method of using a 
Royal Society, one at the New West-| mirror surface of mercury as a reference 
minster’ Palace, and the other at the | plane for working the guiding surfaces 
Royal Observatory at Greenwich. Of}!or “ways,” on which the microscope 
the forty copies prepared of Baily’s plate slides, is that adopted, and the use 
metal for distribution to foreign govern-| of a microscope of high power gives a 
ments, only two are exactly standard at; very accurate result, the perfect focus 
62° F.,—* Bronze 19” and “ Bronze 28,” | obtained along the entire length of the 
—“ Bronze 28” is kept at the Royal Ob- mercury trough, proving conclusively 
servatory, as an accessible representation that the microscope plate moves in a 
of the national standard. true plane. 

All the other copies have the tempera-| In the new comparator constructed by 
ture, at which they are standard, marked the Pratt & Whitney Company, under 
upon them. | the direction and from plans suggested 

In 1856 “Bronze Bar No. 11” was| by Professor Rogers, the means for over- 
presented by the British Board of Trade | coming objections and difficulties arising 
to the United States ; at that time it was| from errors due both to horizontal and 
declared to be standard at 61.79° F.| vertical curvature, deflection, etc., are 
According to recent comparisons this bar | fully provided for. 
is now .000088 inches shorter than the| The plan adopted for securing accurate 
Imperial Yard No. 1. | sliding motion of the microscope plate is 

In reproducing a standard bar, whether perfect line-bearing, and the uniform 
for reference, or as a working standard, | pressure is due to gravity simply, and 
line or end, measure, or both, care must) the bearing surfaces, or guides, are such 
necessarily be taken to know positively | that errors due to imperfect straight- 
that the surface, upon which the lines line action may easily be remedied. 
are ruled, is a plane surface, in other) The flexure of the guides is also pro- 
words, to avoid the slightest amount of | vided for by supports placed at about 
flexure, which would obviously vary the | one quarter the distance from each end 
distance between the lines, especially | of the guide-bars, which are heavy hard- 
when these lines are upon the outer sur- | ened-steel tubes, ground perfectly true 
face of the bar, and hence, in supporting |and parallel, using counter-weights to 
a bar, the points of support have been | overcome the flexure arising from their 
found by Sir George Airy to be the dis-| own weight and the weight of the mov- 
tance apart represented by the formula: | ing microscope plate. 

Length. The bars used as standards by the 

ee Pratt & Whitney Company comprise: 

Vn? —1 | I. A bronze bar of Baily’s metal, hav- 
“n” being the number of supports. |ing lines ruled on sunken gold plugs. 
When there are two supports this form-|It is a yard measure, with subdivisions 
ula gives 10.39 inches for the distance | into feet only. This bar is designated in 
between the supports in the case of the | the official report as “ P. & W..” 
yard bars, and 28.87 centimeters in the! II. A bar of Baily’s metal, identical in 
case of the meter bars. composition, and having the same section 

Placing the gold plugs at the bottom |as “ P. & W,.” It is 42 inches long, and 
of the wells, sunk half-way into the| has lines ruled on the surfaces of plugs 
bronze bar, was intended to overcome | carefully inserted, made of an alloy of 
the difficulty of flexure, as the lines| platinum and iridium; these plugs are 
would then be at the best plane of varia-| 4, of an inch in diameter, and are pol- 
tion caused by flexure, still, by placing | ished to a mirror surface. This bar has 
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lines representing the yard at 62° Fahr- 


enheit, with subdivisions to feet and | 


inches, and the meter at 62° Fahrenheit. 


The alloy of platinum and iridium) 


gives clear smooth lines when ruled with 


the finest diamond edge, and in order to. 


prevent accidental defacing, or injury 
from any cause, the lines are covered 
with disks of glass ;4, of an inch thick. 
This bar is denominated, in the report, 


“P. & W,.” 


III. A ‘yard and meter bar, of hard-| 
ened steel, on the upper polished surface | 
of which are ruled lines corresponding to | 
those upon “P. & W,,” but having, in| 
addition, end measure for the yard at. 


62° F., and for the meter at 32° F. 


The neutral points of support, 7. e., | 


those of least flexure, are left as “ spots” 
on the under side of this bar, so as to 
avoid mistakes due this cause when in 
use. This bar is marked “ P. & W,.” 


IV. A steel yard and meter bar, un-' 
tempered, but having the same form as 
the preceding, the only difference being | 
that the yard and its subdivisions, and 
also those of the meter, are ruled upon 
the mirror surfaces of hardened steel 
plugs, the end measure for the yard and 


meter also being determined by plugs of | 


the same material, fitted in each end, 
and protected from injury by an exteti- 
sion of the upper surface. 
designated “P. & W,.” 
After the preparation of these bars at 


This bar is | 


According to the official report of 
Professor Hilgard, after allowing for the 
known relation between “Bronze 11” 
and the Imperial Yard, “P. & W,” is 
.000053 inches longer than the Imperial 
Yard, and “ P. & W,” is .000036 inches 
shorter than this unit. 

The yards and meters upon the steel 
bars were derived from “ P. & W,” and 
“Pp. & W,” after the reduction of the 
relative co-efficient of expansion between 
bronze and steel. ; 

V. A hardened-steel six-inch bar, one- 
half inch square in section, having upon 
its upper polished surface, lines ruled 
four separate inches, also lines represent- 
|ing—counting from the end of the sec- 
ond inch—the lengths corresponding to 
the bottom diameters or “‘tap-sizes” of 
the United States or Franklin Institute 
standard screw-threads, from a quarter 
inch to four inches. 

Besides this band of irregular spaces 
are ruled two inches in sixteenths and 
two inches in twentieths of an inch ; also, 
‘a band of two inches at twenty-five hun- 
dred per inch, the latter being used in 
| the investigation of the irregular lengths 
or “ tap-sizes.” 

This six-inch bar was ruled at the 
| American Watch Factory, Waltham, upon 
'a dividing engine constructed by the 
Watch Company, from designs furnished 
| by Professor Rogers, for his use in pro- 
'ducing standards of length. The accu- 


the works of the Pratt & Whitney Com- | racy of the settings, and the remarkable 
pany, they were forwarded to Professor | freedom from error found, upon a rigid 
Rogers, at Cambridge, for the purpose | investigation subsequently made, prove 
of receiving the graduations. An addi-| the excellence of the workmanship in the 
tional bronze bar, the exact duplicate of | construction of the machine. 

“P. & W..” was also sent, on which a| It having been found necessary to re- 
provisional] transfer of the yard from the | graduate this bar to accommodate the 
steel bar in his possession was made, | sizes for larger diameter thread-gauges 
after applying the reduction to the Im |than was at first intended, a complete 
perial Yard given by Mr. Chaney, the | new series of irregular lengths was made, 
Warden of the Imperial Standards. This | the new lines being ruled as nearly .001 


provisional bar was then forwarded to 
Washington, Professor Hilgard having 
kindly consented to compare it with 
“ Bronze 11.” 

According to the report of Professor 
Hilgard, this yard is .000025 inches 
shorter than “ Bronze 11.” 

The yards traced upon “ P. & W,” and 
“ P. & W,.” were obtained from this pro- 
visional yard. They were then sent to 
Washington for final comparison with 
“Bronze 11.” 


inches apart as it was possible to set the 
diamond. 

Upon comparing results the variation 
was found to be less than .00005 inches 
from the constant interval between the 
new and the old lines. 

When it is considered that nearly four 
weeks had elapsed since the original 
ruling was done, and that the same set- 
tings were used, the extreme accuracy of 
the screw of this machine may be appre- 
ciated. 








VAN NOSTRAND’S ENGINEERING MAGAZINE. 





The lines upon this bar are less than 
-000066 inches in width, the cross-line in 
the eye-piece of the microscope being 
usually brought to cover either the edge, 
or the middle of the furrow made by the 
diamond cutter. 

End-measures of hardened steel of the 
same brand as the hardened screw gauges 
have been made from a quarter of an 
inch to four inches, vary by sixteenths, 
and corresponding to the lines upon the 
six-inch bar. With this bar, the problem 
of maintaining uniform sizes in actual 
use is a very simple one. 

The practical difficulties met with in 
using microscopes of high power, where 
extreme accuracy is necessary, render 
the use of any form of reflector very ob- 
jectionable, as the reflected image is 
often distorted. 

In the use of Tolles’s illuminator, in 
which a prism is inserted within the ob- 
jective of the microscope, this difficulty 
is obviated, giving sharply-defined lines 
upon opaque surfaces, such as steel or 
bronze, and especially upon the plugs of 
platinum and iridium. 

The two objectives used upon the com- 
parator belonging to the Pratt & Whit- 
ney Company were furnished to order 
by Mr. R. B. Tolles, of Boston, and both 
have this form of illuminator attached. 

Referring back to the second natural 
unit for establishing a standard of length 
—that of using the ten-millionth part of 
the earth's cireumference—the result of 
the labors of a commission appointed by 
the French Government was four iron 
bars, the ends carefully ground until 
exactly comparable with each other, and 
each having the required length. One 
of these original bars, bearing the stamp 
of the commission, is now in the posses- 
sion of the United States Coast Survey. 
From these bars the present meter of the 
archives was constructed. 

Of the third and last unit proposed— 
that of a wave-length of given refrangi- 
bility—it is doubtful whether this as a 
unit can ever be successfully adopted for 


general use; since the measurements of |} 


wave-lengths for an entire meter vary so 
much as to make the total length of a 
yard or meter known to a far less degree 
of accuracy than can be assigned to the 
comparison of different standards. 

In conclusion, then, whenever the yard 
with its subdivisions is adopted as the 





measure of length, the unit to which all 
measures must be referred, is the bronze 
bar deposited in the “Strong Room” of 
Old Palace Yard, London, and known as 
the “ Imperial Yard, No. 1.” 

I quote Professor Rogers's statement 
regarding the existing metric standards : 


‘‘Wherever the metric system has heen 
adupted, either by legal enactment or by actual 
use in the absence of definite legislation, the 
platinum end-measure meter deposited in the 
archives of Paris, is the only ultimate standard 
of reference.” 


The method adopted for the accurate 
subdivision of the yard and meter upon 
the comparator of Professor Rogers's 
design, is to compare the arbitrary or 
trial divisions first, by finding their rela- 
tion to each other, with a fixed distance 
between immovable stops, and noting 
the time-worn axiom, that “ things equal 
to the same thing are equal to each 
other.” The yard or meter being correct 
in total length, the differences from the 
mean form an algebraic sum, the value 
of which is evidently equal to zero. 

The micrometers for use in the stand- 
ard work by the Pratt & Whitney Com- 
pany were furnished by James Queen & 
Co., Philadelphia, and bear the name of 
“J. Zentmayer” as a guarantee of their 
excellence. 

The coefficients of expansion of both 
the bronze and steel bars, tempered and 
untempered, in the possession of the 
company, have been carefully determined 
by Professor Rogers, the investigation 
covering a period of nearly two hundred 
days, under every possible condition of 
temperature, in air, and immersed in 
water, and the changes due to differences 
of shape or mass have been carefully 
noted. The changes of temperature of 
the bar must affect the mass throughout 
uniformly, and ordinarily from six to 
twelve hours is necessary to allow these 
changes to be effected before the com- 
parison is made, the temperature mean- 
while having been kept as nearly con- 
stant as possible. ; 

I may add, in conclusion, that the 
standards in the possession of, and used 
by Professor Rogers, comprise : 


(a.) A nickel-plated hardened steel 
bar, the lines upon the nickel surface 
having been compared directly with the 
Imperial Yard by Mr. Chaney, Warden 
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of the Standards at London, during the 
visit of Professor Rogers in England. 

(b.) An end-measure Coast Survey yard 
kindly loaned by the Stevens Institute 
of Technology, of Hoboken, N. J. 

The Coast Survey yard has been com- 
pared directly with the “ working” yard 
of the Exchequer by Mr. Chaney. 

(c.) A meter, line-measure, the lines 
traced upon the middle surface of an 
X-shaped copper bar, of small mass, this 
form having been adopted by the Inter- 
national Bureau of Weights and Meas- 
ures. 

This bar was traced for Professor 
Rogers during his visit at Paris, in Feb- 
ruary, 1880, by M. Tresca, and is signed 
by him. 

(d.) A steel end-measure meter, made 
by M. Froment, of Paris, and declared to 
be 8.43 mikrons (about .00033 inches) 
longer than the meter of the archives. 

As was mentioned at the beginning of 
this paper the intention is simply to re- 
port progress, and to show how far the 


“ vital” part of this subject of standard 
measurements has been carried. 

That part of the work which may be 

regarded as completed is the determina- 
tion of the entire length of the yard as 
represented by the bars “P. & W,” and 
«Pp. & W,,” since according to the report 
of Professor Hilgard, the mean of the 
two yards differs from the Imperial Yard 
by a quantity less than the certainty 
with which such comparisons can be 
made, viz., .00001 inches. 
__ All the work so far described has been 
|done with a comparator having some 
| faults in construction, and although the 
errors due to imperfections have been 
| allowed for, still it has been deemed wise 
to defer the publication of the full report 
of Professor Rogers until all the other 
_measures have been verified by observa- 
|tions with the new comparator. It is 
| confidently expected, however, that no 
errors of appreciable magnitude will be 
found in the working six-inch bar, upon 
‘which all the standard gauges depend. 
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Tue following is the translation of a 
report, by Professor Siirnstrén, on ex 
periments made on dephosphorization in 


a charcoal furnace at Nyhamm, on the | 
Vesterbergslagen, one of the largest iron | 


deposits in Sweden. As is well known, 
bar iron was in earlier times produced 
from the ores by smelting with charcoal 
in small stoves or furnaces, and although 
the ores then used contained a consider- 


able amount of phosphorus, this circum- | 


stance did not affect the mechanical 
properties of the metal, as most of the 
phosphorus was absorbed by this process 
in the slag. This process has been 
termed, by the Swedes, Osmund, and, by 
the Spaniards, Catalan smelting. Al- 
though excellent iron was produced by 
this method, it has, of course, given way 
to the blast and puddling furnaces. 
reason of this is that in the old Swedish 
furnaces (in certain respects an improve- 


ment on the Spanish) the process was | 


intermittent ; it was necessary to heat 
and reheat them for any small quantity | 
of iron charged, and to blow out and_ 


The! 


“Tron.” 


refill the shaft each time. It is evident 
that in this way a great deal of fuel was 
wasted, while but a very small quantity 
of iron was produced; and we may sup- 
pose that the desire to improve the 
method gradually led to the now existing 
mode of making pig-iron, which, as a 
continuous process, naturally produces a 
larger quantity of metal, whilst a con- 
siderably smaller quantity of fuel is con- 
sumed. In the blast-furnace it became, 
however, necessary to make use of ores 
containing only a small quantity of phos- 
phorus, and thus “mountain” or mag- 
netic ores which contained considerable 
percentages were objectionable. Therg 
is still, however, in certain parts of 
America a method in use by which ores 
containing a considerable quantity of 
phosphorus can be utilized. This method 
has been called “ metal forging ;” but as 
it is also intermittent, and takes place in 
open furnaces, it neither properly utilizes 
the fuel nor returns an equivalent per- 
centage of iron, and has in consequence 
been found very costly, and therefore is 
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in use only under exceptional circum- 
stances. It is clear that, if the process 
of conversion takes place in a shaft, as in 
a blast-furnace, without the temperature 
becoming so great as to effect any coales- 
cence or complete smelting, and the 
mass is, at this stage, transferred in a 
convenient manner to a hearth where the 
further process of fusing the iron par- 
ticles can take place, the process will at 
once become continuous and direct, and 
has the advantages of saving fuel and 
removing any impurities in the bloom at 
the same time. ‘The furnace, during this 
operation, can be kept closed, so that 
reduction by the hot carbonic oxide pro- 
ceeds continuously. The furnace at Ny- 
hamm consists of a reduction shaft 
connected with the hearths by small cul- 
verts. These hearths can be closed, hav- 
ing vertical dampers with holes at their 
lower part, in order that the gases gener- 
ated by the fuel may pass through the 
shaft and thus act the part of gas in an 
ordinary blast-furnace. The dampers 
are balanced, and are therefore easily 
raised and lowered, the culverts being 
also furnished with single bricks, by 


removing which the necessary repairs to 
the furnace can be done, but which, at 


other times, close the furnace. Should 
it be desired to cut off the shaft from the 
remainder of the furnace, this can be 
done by a horizontal damper, which can 
be drawn closely over the hole. The 
operation of the furnace is as follows: 
Charcoal and ore are charged in the shaft 
in proper proportions, either by a special 
apparatus or in the common way. The 
ore will then, as it settles in the shaft, be 
subjected to the same process of conver- 
sion as in the ordinary reduction-zone of 
a blast-furnace. In order to transfer the 
spongy iron to another hearth, a hook is 





the pressure of air from without, in order 
to prevent all suction of air through the 
open hearth. 

As soon as the bloom is removed and 
the hearth cleaned out, it is again closed 
and refilled with charcoal and iron, by 
raking down from the shaft as before, 
and the blast turned on. In the same 
way, the process may be alternated with 
the other hearths. The furnace which 
was erected at Nyhamm consisted of a 
reduction shaft, 16 feet high, with a 
cubic diameter of 16 feet above and 18 
below, made of fire bricks, and was 1} 
feet wide ; it contained 302.4 cubic feet 
charcoal. With this was connected a 
hearth, the dimensions of which varied, 
as they were altered considerably during 
the progress of these experiments. The 
fittings were made of bar-iron, and were 
very similar to those used in the Lan- 
cashire hearths. The dimensions were 
as follows: Distance between upper rim 
of tuyeres, 2 feet ; but in order to facili- 
tate the extraction of the bloom, they 
were made to slope an inch outwards, 
being thus 2 inches less at the bottom. 
From the back, which was perpendicu- 
lar, to the front wall, the distance was 2 
feet, with 3 inches slope outwards ; but 
this distance may, perhaps, be somewhat 
reduced. The depth of the hearth was 1 
foot, and the moulds inserted an inch, 
with a declivity of about 22 degrees, and 
their width at the nozzle { by { inch, 
with the upper sides semicircular. 

As only one furnace was erected, it 
became necessary to have an additional 
“koltern,” or heating apparatus, which 
was kept going to prevent any suction 
of air whilst the bloom was removed. 
In order not to obtain any metal before 
the tuyeres until the furnace was fully 


heated, about 94 cubic feet of charcoal 


passed through the upper working holes| were thrown into the hearth when the 


in the dampers of the culvert through|bloom had been removed. 


The front 


which the operation of raking down is|damper was then closed, and charcoal 


effected in order to keep the hearth 
always well filled with charcoal and iron 
until the smelting is nearly effected ; but 


when it is desired to remove the mass of | 
iron, the raking down is stopped, and | 
the bloom allowed to go down in the) 
hearth. It may then be easily broken | 


up when one of the dampers is opened. 
During this operation one fireplace should 
be kept charged, as the gas-pressure in 
the furnace should always be higher than 


and ore raked down from the shaft till 
the hearth became nearly filled; the 
blast was then put on and the raking 
down continued, according to appear- 
ances in the hearth. When the slag 
made its appearance before the tuyeres, 
generally half an hour after the blast had 
been opened, it was tapped in precisely 
the same manner as in a Lancashire 
furnace. No particular work in the 
hearth was required, but when the tuyeres 





A NEW DIRECT PROCESS. 


193 





could not be kept free during the set- 
tling, it was found necessary to insert a 
bar carefully through one of the front 
dampers in order to ease the mass. 


ble, as the coalescence of the materials 
was greatly accelerated by any stirring 


in the hearth, and caused great loss of | 


iron in some instances. The smelting 
was also imperfectly effected, the bloom 
being irregular and covered with a slaggy 
coating. This was particularly the case 


when the action of the furnace was de- | 


fective, owing to the choking of the 
tuyeres by unreduced ores, &c. When 
the mass commenced to fill the hearth, 
the slag became more heavy and porous, 
and poorer in iron; the raking down 
then ceased. The blast was still con- 
tinued until the hearth became suffi- 
ciently empty to allow the breaking out 
of the bloom without removing any fuel. 
Towards the finish some work was done 
in the hearth with the bar, partly to keep 
the charcoal over the tuyeres, and partly 
to fettle up the bloom. This was, how- 
ever, effected after opening one of the 
side doors. An advantage which is very 
considerable as regards the practical 
utility of this furnace is the great ease 
with which the raking down is effected, 
as well as any other operation which may 
be required in the hearth whilst the blast 
is on. For instance, when the furnace 
becomes heated, the flame, which is forced 
through the holes when these are opened, 
is so “curt” and transparent that it is 
quite possible to stand at a distance of 4 
to 5 feet from the hearth and look into 
the furnace whilst raking down charcoal 


and ores without any inconvenience. . 


With a little practice, which an unskilled 
laborer may acquire in a week's time, it 
is possible to charge and rake charcoal 
and ores uniformly down, an advantage 
of great importance, as it embodies a 
check whereby, to a certain extent, the 
action in the furnace may be kept per- 
fectly even. } 

The furnace was tended by one man 
each shift, who, with the assistance of a 
boy, stored the ores and charcoal and 
also'removed the slag and attended the 
“koltorn.” As the hearth during the 
process was closed, the flame could only 
issue from the working-hole through 
which the furnace was tended; the heat 
was therefore small, and as the work 
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This | 
was, however, avoided as much as possi- | 


consisted chiefly of raking down into the 
hearth, tapping the slag, and keeping the 
\furnace clean, it may be said that the 
actual labor of tending the furnace was 
comparatively simple, both as regards 
the labor involved and the skill required 
\It may be added anybody without ex- 
perience in tending furnaces can be em- 
ployed, and one may therefore be entirely 
independent of the skilled workman, this 
circumstance being no inconsiderable 
‘factor in the method. The shaft was 
capable of holding from twenty-two to 
twenty-three charges of two barrels char- 
coal each, viz., 290 cubic feet each smelt- 
ing, and one smelting was generally 
effected during twenty-four hours. In 
most of the experiments two barrels— 
12.6 cubic feet of charcoal to 3 ewt. of 
ore—were used, but towards the finish 
the quantity of ore was reduced to 2 
ewt., 7. €., to 1 ewt. per barrel of charcoal 
(6.3 eubie feet), and this proportion was 
found advantageous, both as regards ore 
and the quantity of fuel consumed, in 
proportion as the ores contain more or 
less phosphorus. It would, however, be 
better to keep the slag richer and more 
plentiful in iron by a greater charging of 
ore than otherwise, unless it should, of 
course, be preferred to make the process 
more basic by a flux of lime or alumina. 
If such should be the case, it may be 
pointed out that a flux of this kind would 
be more effective in effecting dephos- 
phorization than a refining furnace, a 
result which is brought about by the 
ferrous oxide contained in the slag ap- 
pearing to act on the phosphorus in the 
same manner as lime on sulphur. 

The experiments which we record were 
commenced in November and continued 
till about the middle of December, and 
then resumed with few interruptions from 
January to March. The results arrived 
at during this period were, of course, 
variable, as the idea guiding these ex- 
periments was to find the best relation 
between the hearths, their diameter, the 
number of the tuyeres, their size, inclina- 
tion, pressure of the blast, &. We 
shall, therefore, here ouly lay before our 
readers those results which tend to show 
what might best be effected with such a 
furnace, the following being the particu- 
lars of the working during the last few 
weeks. The ores used were unroasted 
iron ores from the Viifspols mine in 
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Griinges berget, a famous iron deposit 


in Sweden, and contained about 60 per | 
cent. of iron and 0.91 of phosphorus, | 


which were charged with 1 ewt. of ore 
per barrel of charcoal, viz., 1 ewt. of ore 
to 6.3 eubie feet of charcoal. 


The results of the following five shifts | 


were: 

Consumption of 
Charcoal. Ores. 
Barrels. Cwt. 
1 day shift sx ae 

.* = 2 <a 


Iron. 
Cwt. 
11.40 
11.60 
4.00 
10.65 
10 80 


“ee se 
22 
18 


1 
1 night shift 
1 day shift 


= 633 cubic ft. 8&8 48.45 


As 124 of these 1004 barrels were con- | 


sumed in the fireplace, the actual quan- 
tity of fuel used for iron-making was only 
88 barrels, or 554.4 cubic feet, for the 
smelting of some 88 ewt. of ores; the 
relative consumption being therefore 


2.07 barrels, equal 13.04 cubic feet char 
coal and 1.80 ewt. ore per cwt. iron re- 
The actual returns of iron were 


turned. 
thus 55.05 per cent. It ought, however, 
to be stated that the bloom returned was 
not weighed separately, but in solid un- 
broken blocks, and although these when 
broken up, were found extremely com- 
pact and free from slag, the result would, 
no doubt, not have been so satisfactory 
had the smeltings been mixed together, 
just as they came from the hearths. 
The reason why this was not done was 
that they were at first too small and 
loose for the big hammer, and when they 
became larger and more compact, the 
Lancashire smiths did not approve of 
having their materials made impure by 
these. The only thing to be done was 
therefore to pile them up till a convenient 
opportunity arose of having them re- 
heated in the Lancashire hearth, and to 
this end they were subsequently broken 
under the crushing hammer, when there 
was also a good opportunity of examin- 
ing thefracture, which was generally found 
somewhat coarse and crystalline, with a 
finer surface, however, underneath and at 
the edges, which could, no doubt, be ac- 
counted for by the circumstance that 
these parts had absorbed more carbon. 
As a rule three hours were required to 
smelt a mass of 3 to 4. cwt. It is, there- 
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fore, to be expected that the parts which 
were the longest exposed to contact with 
the charcoal had absorbed the greatest 
percentage of carbon ; but with increased 
dimensions of the shaft a more thorough 
reduction, and therefore an increased 
production would be effected. The prin- 
cipal work of the furnace would also be 
to smelt the iron particles effectually, 
and the mass would not remain so long in 
the hearth, on one side exposed to carbon 
cementation, and on the other to the op- 
posite effects of the slag and the blast, 
thus tending to make the bloom uneven. 
The effect of these are minimized in pro- 
portion, as less time is expended in the 
smelting, and in consequence a more 
homogeneous product may be looked for. 
Owing to the depth of the hearth and 
the long time which was required for the 
settling, the bloom became cooled under- 
| neath, which made it a work of some diffi- 
culty to extract the slag at the notch. 
This difficulty ought to be avoided, 
either by heating the mass before it is 
taken out, or by giving it an appropriate 
heating in a separate “ welding” furnace 
before breaking it up. Should it be de- 
sired to obtain through a resmelting 
process a thoroughly homogeneous prod- 
uct, this can of course be best effected 
in a Martin furnace, by which excellent 
castings may be obtained, even from 
metal of inferior quality ores, and this 
charcoal method might therefore become 
a factor of considerable importance in 
the Siemens-Martin process. In conse- 
quence of the compactness and small 
caroon contents of the blooms the proc- 
ess of refining the Lancashire furnace 
was very slow; in fact, there was re- 
quired as much time as well as fuel to 
effect the resmelting as to effect an ordi- 
nary Lancashire refining. The loss was, 
therefore, in this case greater than would 
under other circumstances have been 
justified; and it should be at once 
understood that the latter part of the 
process can never be considered practical 
or necessary, and it would on the other 
hand be out of the question with a better 
regulated working and action, a fact 
which was fully demonstrated at the 
crushing of some of the blocks. 

The total quantity of iron made was 
about 300 ewt., from which the following 
analyses of the contents of phosphorus 
were made: 
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Per Cent. | ity of the furnace decreases ; and as the 


of 
Phosphorus. 
Iron from Bjérnbytte mine contained = 
“ + ee 0.06 
0.12 
0.10 
0.12 
0.08 
0.10 

The two latter were, however, from 
blooms which were not resmelted. In 
the crucible the Vafpols ore yielded 62.3 
per cent. of pig iron, with 1.32 per cent. 
of phosphorus. Three analyses of the 
iron gave respectively 1.33, 1.48, 1.70 per 
cent. of phosphorus, equivalent therefore 
aoe 3.37, 4.10 per cent. phosphoric 
acid, 

Under the tests made on the iron thus 
manufactured, in order to ascertain its 
tension, it did not show any tendency to 
redshortness or brittleness ; and by the 
experiments made at the testing estab- 
ment at Liljeholmen on a rolled bar of 
this iron, 600 lines long and 48 lines in 
diameter, the limit of elasticity was 
shown to be = 48 lb. per square line, 
with a bearing strain=81 lb. per square 
line with an elongation of 20.8 per cent., 
a result which, it must be admitted, is 
very satisfactory, and can compare well 
with the class of pig-iron made by the 
Lancashire process. What was fully 
borne out by the experiments at Ny- 
hamm, and which promises well for the 


“é “e 


Viifpolsgrufvan 
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further development of the method as a| 


charcoal reduction process, is the fact that 
the action in the hearth, and conse- 
quently the result, stood in direct pro- 
portion to the temperature in the shaft, 
i.¢., to the reduction of the iron before it 
fills the hearth. If the furnace was suf. 
ficiently heated, no hard lumps, for in- 
stance, could be noticed chafing the rod 
when raking down, and the action was 
then perfectly regular, the moulds were 
clear, and the formation of slag small ; 
whereas, when this was not the case, the 
action became at once less satisfactory 
in proportion as the temperature in the 
shaft fell. As the temperature in a fur- 
nace can be lowered, not only by exces- 


sive charging, but also by anaction which | 


is either too quick or too slow, &c., the 
case was just the same in this instance, 
and the effect analogous, viz., the unre- 
duced metal remains in the slag in the 
same proportion as the reducing capabil- 


‘iron in the hearth 1s not overcharged 
with carbon, besides appearing solid, no 
boiling could possibly arise from the in- 
fluence of the iron-charged slag on the 
bloom ; but this circumstance, in addition 
to the loss occasioned by unreduced iron 
being absorbed in the slag, should have 
caused further waste of metal. The 
question here, therefore, as with all fur- 
naces, is to carefully observe that the 
charges, their quantity and composition, 
as well as other circumstances directly 
affecting the action of the furnace, are 
all in accord with the object in view, al- 
though it may be said that divergences 
may in the present method not affect the 
action of this furnace to the extent which 
is the case with an ordinary blast fur- 
nace from the same causes. At the same 
time it seems from the practical experi- 
ences gained from this method that any 
overcharging of the shaft has an injurious 
effect on the smelting. We also attacha 
few particulars of some experiments with 
the same method made at Séderfos by the 
vandidates at the Royal School of Mines 
in Sweden. The shaft was in this case 
16 feet high, and capable of containing 
ten charges of two barrels, viz., 12.6 
cubic feet each; about half the quantity 
therefore of the one erected at Ny- 
hamm. The manufacture here was about 
17 ewt. pigiron per shift, with a con- 
sumption of 25.2 cubic feet charcoal per 
ewt. pig, and about } ewt. ore per barrel 
charcoal = 6.3 cubic feet. By the ex- 
periences thus gained in the method, it 
seems—whilst, of course, pointing out 
the improvements and alterations which 
might be effected for its simplification— 
that it would be of practical utility as a 
charcoal process for the direct conver- 
sion of ores containing an unusually 
large amount of phosphorus. 

We may, in concluding this article, 
state that the district of Vesterbergs- 
lagen embraces the richest and purest 
stratum of metalliferous mountain in 
Sweden, and it is only to be regretted 
that the quality of the ore is not equal 
to those generally found in that country. 
It contains close upon 70 per cent. of 
|pure iron, but as much as 1 to 1.50 per 
‘cent. of phosphorus, which, with the 
means at present at disposal, renders 
them of little use for the manufacture of 

steel. The metal from these ores is, 
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however, largely used for castings, and in this district, the above-mentioned 
if the time be not far distant when the |Grangesberg alone contains a bed of iron 
charcoal supply of Sweden may fail to said to be nearly 15,000 feet long and 
satisfy the demand, and coals be required 1,000 to 1,500 feet wide, consisting 
for smelting, the deposit may become a | | partly of peroxide of iron and partly of 
source of immense wealth to that coun-| magnetic iron of voleanic origin; the 
try. Among the extensive iron deposits | gangue is quartz and apatite. 
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Verniers have been so extensively | venient vernier of the ordinary form with 
used and brought to such perfection|the same least count, would require a 
that there seems to be but little room| smaller scale space and a greater number 
for improvement. There are cases, how- | of scale divisions. 
ever, in which a scale very similar in| It might at first sight appear that the 
principle is more advantageous. coefficient of z in equation (1) may be 

Thus, suppose a main scale divided to | any whole number; but in fact it must 
} in., and an accompanying direct vernier | be such that the second number of (1) 
which reads to +}, in., the entire vernier | will exactly divide the value of 2, - other- 
of 25 spaces will exactly cover 24 scale | wise this second number will not be the 
spaces, giving a length of 6 inches. least count. For example, suppose 

Instead of the vernier, another scale 
may be constructed as follows: Let 2| t—Se=75- - - «~~ (2). 
denote the vernier space expressed in | 
inches. Assume : . =fiv=r$s- Then {—262=,},, show- 

ing that 26 subscule spaces differ by 1, 

4-—32=74, ee | inch from 5 scale spaces. The corre- 

| sponding aubacale is direct, has a least 

whence a= ,°; inch. ‘count of ~ si» inch, contains 125 subscale 

The new vernier or subscale is com- | spaces, and exactly covers 6 scale spaces, 
posed of 25 spaces, giving a length of 2/8 giving an entire length of 14 inches. It 
inches. It is represented in the figure, | would have its divisions too close to- 








VY: 
ot EE aan 





i TIT 
0 1 13 3 thst 
Lh Li es be fs 


20 














and is read in the same way as the ordi-| gether to be seen distinctly without a 
nary vernier. Subscale division num-/ magnifier, and would not be convenient 
bered 7 is coincident and the reading is|/in use. The divisions would be num- 
10.07 inches. It gives the same ultimate | bered with intervals of 26 subscale spaces 
unit of measure as the above vernier | between consecutive numbers instead of 
with 4 the length, replacing a vernier of | 3, as in the figure. 

6 inches by a more convenient one of 2| ‘I'he subject is worthy of careful con- 
inches. The numbering of the new ver-| sideration by those interested in devices 
nier is not consecutive. It is as though|for accurate measurement. In favorable 
the vernier first taken had been divided|cases the new form procures accuracy 
into 3 equal parts which had been super-|and convenience with a less number of 
imposed, thereby compressing it to } its|scale divisions, thereby diminishing the 
original size. To obtain an equally con-! cost of the entire instrument. 
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THE EDISON ELECTRIC LIGHT METER.* 


By FRANCIS JEHL. 


Tue principle upon which this meter 
is founded is known as electro-metal- 
lurgy, that is, the disruption or tearing 
away of a metal by electricity, from one 
electrode and its deposition upon the 
opposite. 

FUNDAMENTAL PRINCIPLES. 


If an electric current, no matter how 
generated, whether by a dynamo ma- 
machine, or voltaic element, be made to 
pass by means of platinum electrodes 
through acidulated water, electrolysis 
takes place, that is, the current has 
the power of loosening and separating 
certain chemical compounds—in other 
words, it decomposes the compound 
through which it has passed. Any sub- 
stance which is susceptible of decomposi- 
tion by an electric current is termed an 
“ electrolyte.” 

By the term electrodes is always un- 
derstood the two extremities or poles 
which lead from a source of electricity. 

Electrodes are divided into anodes 
and cathodes. 

The positive electrode is called the 
anode, and the negative the cathode. 

The products of decomposition, or the 
substances which gather at each pole 
during electrolysis, are termed “ions.” 
That which gathers at the anode is called 
anion, and that which gathers at the 
cathode is called cation. 

The «mount of current required for 
decomposition varies greatly with differ- 
ent electrolytes. 

In the above mentioned case, where 
the current passes through acidulated 
water, oxygen gas is liberated at the 
anode, and hydrogen at the cathode. 

If into this liquid which contains the 
acid some crystals of sulphate of cop- 
per (CuSo,) be thrown, electrolytic ac- 
tion will still continue, but in a different 
manner, oxygen will be evolved, and cop- 
per will be deposited on one of the 
platinum electrodes, while the hydrogen 


*Under the above title this article was originally 
published in London in pamphlet form. For presenta- 
tion to the scientific public such parts of the original 
as pertained to the manipulation of the meter have 
been omitted, but the complete exposition of the 
principles upon which it operates are retained. 








takes the place of the copper in the 
solution. It may be represented chemi- 
cally by H,O + CuSO, before the current 
has passed, and O + Cu+H,SO, after the 
current has passed. 

If in the above experiment, a copper 
electrode be substituted for the posi- 
tive, it will be found that no gas will 
be liberated, the hydrogen, as before, 
will take the place of the copper in 
the solution—the oxygen, instead of es- 
caping at the anode, will combine. with 
the copper of the electrode and the 
sulphuric acid, to form sulphate of cop- 
per. 

The chemical forces, called into ac- 
tion by the current, are so beautifully 
balanced, that in our last experiment 
the quantity of copper, supplied by the 
positive electrode, exactly equals the 
quantity withdrawn from our solution 
and deposited upon the negative elec- 
trode. 


LAWS OF ELECTROLYSIS. 


The following were demonstrated and 
discovered by Faraday. 

Electrolysis cannot take place unless 
the electrolyte is a conductor. 

The energy of the electrolytic action 
of the current is the same in all parts. 

The same quantity of electricity—that 
is, the same electric current—decomposes 
chemically equivalent quantities vf all 
the bodies which it traverses; from 
which it follows that the weights of the 
elements separated into these electro- 
lytes are to each other as their chemical 
equivalents. For instance, in the de- 
composition of water it will be found 
that for every 18 parts of water decom- 
posed two parts will be hydrogen and 16 
oxygen; in order to form water from its 
two component gases we must take them 
in the above ratio. 

It also follows from the preceding law 
that the quantity of the substance which is 
decomposed is proportional to the total 
quantity of electricity which passed 
through it, and is independent of the 
time during which the electricity passed; 
the quantity corresponding to the pas- 
sage of one unit is called the electro- 
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chemical equivalent of the substance. 
Thus, when one unit of electricity passes 
through a solution of sulphate of zinc, 
having platinum electrodes, one electro- 
chemical equivalent of zinc appears at 


the cathode, and one electro-chemical | 
equivalent of oxygen at the anode, while | 
one electro-chemical equivalent of sul-| 


phate of zinc has disappeared from the 
solution, but an equivalent of sulphuric 
acid has taken its place. 
experiment, zinc electrodes were used, 
the action would be as follows : 

For one unit of electricity, one elec- 
tro-chemical equivalent of zinc would ap- 
pear at the cathode, one electro-chemical 
equivalent of oxygen at the anode, there 


If, in the above | 


‘quirement of the electrodes is termed 
| polarization. 

In the construction of an _ electric 
|meter, such elements must be used as 
will not, under any circumstances, polar- 
ize ; for suppose an electrolytic cell, which 
was capable of being polarized was used 
to ascertain the amount of current that 
was passing through the line in which it 
/was inserted it would, in the first place, 
have the tendency to weaken the original 


‘current, and, if the instrument was 


| shunted, as is essential in electric light- 


ing, this counter current would all the 
while resist the original current, causing 
an erroneous dep sit, it depositing less 


/metal than would be deposited if there 


uniting with the zinc and sulphuric acid | were no polarization. Then, again, when 
to form another electro-chemical equiva-| the current on the line ceases to flow, 
lent of sulphate of zinc, and taking the| this counter current would begin to act 
place of the one just decomposed. This and redeposit some of the metal which 
action continues, and keeps on deposit- ‘the original current had deposited. 
ing zine on the cathode, and taking zine | Thus we see why any elements capable of 
off at the anode. polarization would not do for an accu- 


Upon the preceding law has Mr. Edi-| rate meter. Then again, there is another 
son based his meter, and no matter how | consideration that comes into play, and 
much curr t passes through it, for | 


that is, that nearly all elements when 
every electrical unit or fraction (which | immersed in a solution, generate a small 
unit is called au Ampére), there will be| current, for example: Two plates of 
a corresponding number of units or frac- | copper in a solution of sulphate of cop- 
tion of a unit of the metal deposited. per, when connected with a galvanom- 
eter, will indicate the presence of a cur- 
|rent. Now, in the above case, when the 
| electrolytic cell was shunted it had nec- 
If, in a circuit consisting of an elec-|essarily, a closed circuit. The circuit 
trolytic cell containing acidulated water, | being closed, this current, as indicated 
having platinum plates for electrodes,|by the galvanometer in the last experi- 
we insert asingle voltaic element to- | ment, would become active, and deposit 
gether with a galvanometer to measure | metal while there was no current circu- 
the current, we find that the strength of lating in the line. This current, al- 
the current rapidly diminishes on closing | though feeble, will in time deposit a con- 
the cirenit. siderable amount of copper, and cause 
Neither oxygen nor hydrogen appears | an inaccuracy almost inconceivable. A 
in a gaseous form at the electrodes, but | copper deposition cell, and some other 
the electrodes have acquired new prop- | metals, is suitable for large currents, 
erties, showing that a chemical action | and when the plates are taken out of the 
has taken place at the surface of the solution, immediately after the current 
plates. If now the battery be discon- | ceases to flow; but when it is required 
nected, and the galvanometer alone, to register a very small current, such as 
with the electrolytic cell, remains in the pel of an Ampére, and when the de- 
circuit, it will be found on closing it) position cell is always on a closed cir- 
that a current is traversing, and show-| cuit, it becomes necessary to use some 
ing on the galvanometer that it is in an | other metal than copper in order tv ob- 
opposite direction to the original cur-| tain accurate results. 
rent. This current rapidly diminishes| In order to get rid of this difficulty of 
in strength and soon vanishes. It can | polarization, Mr. Edison found that by 
also be seen that this current is not as| using electrodes of pure zinc, amalga- 
strong as the primitive one. This ac-! mated with pure mercury and a solution 


POLARIZATION. 














THE EDISON ELECTRIC LIGHT METER. 


of chemically pure sulphate of zinc, _ ET 1.40 
that there is almest no polarization, and | re obedbuhecnes 9.32 
great practical accuracy is insured when | —— 

1.08 


an exceedingly small quantity of current | 


is desired to be measured. The same is | : : 
true if the currents be of large dimen- | Showing a decrease of 1.08 ohms be- 
sions. | tween the limits of 0° and 50° C. If we 


I may add that it is advisable in all | emember that this difference is in con- 
electrical researches, whenever it becomes | trary direction to that of copper, it will 
be seen that if we take a certain length 


necessary to ascertain the magnitudes of ; , : - 
an unknown current, and especially if it of copper wire which changes its resist- 
be small, that instead of using the copper ®2¢e between 0° and 50° by the same 
deposition method an electrolytic ele |#mount as the solution but in the 
ment consisting of pure zincs amalga- °PPosite direction, that by placing the 
mated with pure mercury in achemically tWO 1m series, that is in the same cir- 
pure solution of sulphate of zinc be cuit with each other, one would com- 
used. pensate for the other, that while one 
diminishes the other increases, and the 
circuit in which they are placed main- 
RESISTANCE OF ELECTROLYTES AND METALS. tains a constant resistance and does not 
‘ , vary with the temperature. Mr. Edison 
It is very difficult to measure the elec- has made use of these principles in his 
trie resistance of some electrolytes on meter, and has a constant resistance in 
account of the polarization of the elec-| the cireuit where the deposition cells are 
trodes. In order to overcome this diffi- placed, without which an electric meter 
culty one must use, as stated in the pre- would be of no value where there is a 
ceding article, zinc electrodes. There change of temperature. 
are other methods for ascertaining the 


resistance of solutions, but it is not nec- GENERAL DESCRIPTION OF THE METER. 
essary for me here to explain such 
methods. The temperature of the so- The meter is divided into two com- 


lution greatly affects its resistance. It partments. The first, or the one on the 
will be found that its resistance decreases | Jeft side, is termed the monthly cell. 
as the temperature increases, or when | This is taken out every month by some 
the temperature decreases the resistance | employee of the company, and another 
increases. Thus we see it has properties | cell is substituted for it. "The one taken 
similar to carbon, for carbon will de-| out is returned to the station, where the 
crease its resistance when its tempera- | plate that has received the deposition is 
ture is increased and vice versa. These weighed. The cell on the right hand of 
properties are just the reverse of those|the meter is termed the quarter yearly 


exhibited by the metals. _ | cell, and is a check cell. The party that 
We, therefore, lay down the following has access to the monthly cell has not to 
laws, namely : ‘the quarter yearly cell. This quarter 


That the resistance of electrolytes| yearly cell is taken out every three 
diminish as the temperature increases. | months and the deposit weighed. Its 

The resistance of metals increases as/ deposit must bear a certain proportion 
the temperature increases. to the sum of the monthly meter de- 

Now, it is obvious that, if we ascertain | posit for those three months. If its de- 
the resistance of a certain solution at| posit does not agree in proportion to the 
different temperatures, we can ascertain | monthly cell, there is something wrong, 
the difference of its resistance between|or somebody has tampered with it. 
such temperatures. For example, if a|Thus we see the object of this auxiliary 
solution of sulphate of zine at 0° C., and|cell. In the diagram A is the monthly 
specific gravity 1.29, offers a resistance|cell, and A’ is the quarter yearly cell. 
of 1.40 ohms, at a temperature of 50° C.|B’ and B are the compensating resist- 
its resistance is diminished to 0.32 ohms. | ances, in series with the cells A’ and A 
Therefore, the difference between those| respectively, the object of which has 
two temperatures is— been explained. 
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C and C’ are the respective shunts, 
(made cf bands of German silver), from 


which the cells A and A’ receive their 


current. In all meters, irrespective of 


their capacity for registering, the resist- 
ance of the cell A with its compensating 
resistance B is 830 times the resistance 
of the shunt C, and the resistance of A’ 
plus B’ (equal to A plus B) is 3320 times 








METHOD OF CALCULATION. 


Whenever a meter is set up to register 
the consumption at any place the weight 
of the plates is recorded. The weight 
of the plates from the monthly cell is 
taken after they have been in use the re- 
quired length of time, and upon the gain 
in weight of one plate is based the 


























the resistance of C’ within the ranges of 
temperature occurring in practice. The 
resistance of C’ is therefore one-fourth 
that of C and the cell A’ will receive one- 
fourth as much deposit as A. 

D is a thermo arrangement which pre- 
vents the freezing of the sulphate of zine 
solution in the winter, or too low a tem- 
perature for accurate registration. It 
consists of a strip of brass and steel 
riveted together. 

The unequal expansion and contrac- 
tion of the two metals causes contact to 
be made at F when the temperature falls 
to the lowest desired limit to which F is 
adjusted. This throws the lamp E in 
circuit, the heat from which raises the | 
temperature in the meter, and acts upon | 
the thermo strip causing it to open the 
lamp circuit. 


amount of current used. The gain in 
the quarter-yearly cell should, in the 
given time, equal one-fourth the gain in 
the monthly cell for three months. 

It has been stated that the resistance 
of the circuit containing the monthly cell 
is 830 times the resistance of the shunt 
around which it is placed, therefore of 
the total current passing ,4,st part will 
pass through the cell and be registered. 

If it is experimentally determined that 
the ;4,st part of an Ampére flowing 
through the cell for one hour will de- 
posit 1.6 milligrammes, then is this the 
true indication of one Ampére for one 
‘hour, because the remaining $39 will 
‘flow around the cell and through the 
‘shunt without being registered. 

| To find the number of Ampéres for 
| one hour, therefore, 





ON VARIATIONS IN THE LIMIT OF ELASTICITY OF VARIOUS 


Gain in milligrammes 
1.6 
ing fur one hour. 

This result may also be expressed as 
“number of hours for one Ampére.” 

Tf one lamp, giving 16 candle-power of 
light, requires a current of three-fourths 
of an Ampére, the amount of deposit in 
the cell in one hour for this lamp would 
be three-fourths of 1.6 milligrammes = 
1.2 milligrammes. 

Therefore, to find the number of lamps 
operating for one hour to produce the 
deposit, 


=Ampéres flow- 





ON VARIATIONS IN THE 
THE MODULUS 


By PROF. 


LIMIT 
OF ELASTICITY OF VARIOUS 


J. BAUSCHINGER. 
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ain in me eramnines — number lamps 


for one hour. 





This result may also be expressed as 
“number of hours for one lamp.” 

Thus the gain of weight in one plate 
bears a constant ratio to the current 
which has passed through under a uni- 
form pressure, and also to the energy 
consumed. beyond the meter, and is 
therefore a register of the amount of 
energy, irrespective of the particular use 
to which it was applied. 


ELASTICITY AND IN 
METALS. 


OF 


From “ Der Civilingenieur,” for Abstracts of the Institution of Civil Engineers. 


Tue paper contains numerous and ex- 
tensive tables, the results of various ex- 


periments made on bars of weld-iron,* 
ingot-iron, Bessemer steel and bronze, 


and on plates of copper. In Dingler’s 
Journal, vol. 224, the author proved the 
following law to hold in the case of 
Bessemer steel:—‘ By stretching the 
metal beyond its elastic limit, the range 
of the elasticity is increased not only 
during the time for which tle load is 
applied, but also for aconsiderable period 
of repose after the stretching (7. e. 
while the bar is unloaded); such period 
extending to one or several days, and by 
this means the elastic limit itself can be 
raised to a limit greater than the load 
which caused the original extension.’ 
There can scarcely be a doubt that this 
is due to the effect of what has long been 
known as “secondary elastic action,” and 
it agrees with some results obtained by 
Wohler, and published in Erbkam’s 
Leitschrift fur Buuwesen as far back as 
1863. In continuing his experiments on 
the subject, the author proposed to him- 
self two questions :— 

1. What influence the length of the 
period of repose, following the extension 


* This nomenc lature. is used as an attempt to follow 
out the classification of wrought iron recently pro- 
posed by 
adopted in Germany. 


Prof. Bauschinger, and to some extent | 


of the bar under a given load, had upon 
the magnitude of the consequent increase 
of the elastic limit? and, 2. Whether any 
and what alteration of the modulus of 
elasticity was thereby brought about? 
The testing machine used permitted of 
variations in the length of the bars to be 
read to the ten-thousandth of a milli- 
meter; and since the parts of the bars 
tested were all originally 15 centimeters 
long, this corresponds to the variation of 
the 1,500,000th part of the length, and 
the author claims that the use of such 
delicate measurements must lead to a 
clearing up of the views held as to the 


‘limit of elasticity, the definition of which 


became uncertain as soon as it was known 
that permanent alterations of length were 
produced by relatively light loads. 
.Measurements with the apparatus used, 
show that in materials known to be 


elastic, such as wrought iron, steel, wood, 


&e., Hooke’s old law “ ut tensio sic vis” 
(é.e., the proportionality of the alteration 
of length to the load which produces it), 
always holds strictly within a certain 
limited range. Once this range—which 
the author proposes to call the limit of 
proportionality—is passed, the exten- 
sions become gradually greater and 
greater under successive equal increments 
of load. With many materials, especially 
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weld and ingot iron and the softer kinds | sion eaused by it amounts to the twenty- 
of steel, a second noteworthy point is| thousandth part of the original length; 
reached by a gradual increase of the load | the other by Styffe: if a bar of iron or 
above the limit of proportionality. The/| steel is gradually stretched under a series 
extension is gradual under emenemibre | ot loads, the first being so small as to 
equal increments of load, until this point | cause no permanent set, each acting for 
is reached, but then suddenly becomes | the same number of minutes, and which 
very rapid—so rapid that the image of|are so increased that each increment 
the scale on which the extension is is the same percentage of the whole load, 
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measured passes out of the field of view 
of the telescope, so that a reading is no 
longer possible. 
than that corresponding to this limit, the 
scale does not come back into the field of 
the telescope till after a long interval, of 
at least several hours, of quietude; 7.e., 
the secondary elastic effort has to act for 
several hours, and in some cases with 
high loads for several days, in diminution 
of the effect produced at once by applica- 
tion of the load. This point may be 
called the “ drawing-out-limit,"* and the 
analogous point in case of compression 
the “ bulging-limit.” 
may be exhibited graphically thus: If 
the successive loads are set off as 
abscisse along any line, and correspond- 


ing ordinates are drawn proportional in| 
length to the extensions caused by the, 


loads, a curve drawn through the extremi- 
ties of the ordinates may be called the 
stress curve. 
portionality this curve will be (at least 
approximately) a straight line, but beyond 
it will gradually become more and more 
curved while at the “drawing-out limit” the 


curve will show a more or less sharply 


defined bend or angle. 

The author discusses the two following 
recently proposed definitious of the limit 
of elasticity. One by Wertheim: the 


stress under which the permanent exten-_ 


Under a greater load | 


The total effect’ 


Within the limit of pro-| 


then the elastic limit is the stress under 
which, acting for the prescribed time, 
there is a permanent extension bearing to 
the length of the bar the ratio of 0.01 of 
the ratio of the increase of weight to the 
whole load. Under Wertheim’s defini- 
tion the permissible extension in an 
original length of 15 centimeters would 
be 0.0075 millimeter, but the tabular 
results of the experiments show that, 


with ordinary materials, the limit of pro- 


portionality is generally passed long 
before this extension is reached, and 
frequently the “drawing-out limit ” also, 
when it exists. In Styffe’s definition 
time is made an element, which in the 
author’s view should not be, and he 
shows by an example that the definition 
may lead to a stress being taken far 
above the “limit of proportionality,” and 
maintains in consequence that such 
arbitrary definitions are inadmissible, and 
that the limit of elasticity ought to be the 
“limit of proportionality,” as tested for 
each particular material. A consequence 


‘of this would be that materials such as 


cast iron and stone would simply haveno 
elastic limit. 

The time which is allowed to intervene 
between successive loadings of the bar 
appears to have considerable influence on 
its behavior: as the following figures 
selected from the tables will show :— 


A. A Bar or Wetp-Iron. 


Fir-t time of testing 


* Kilograms per square centimeter. 
(0.00635 ton per square inch.) 





Mean 
modulus of 
elasticity. 


Load 


Limit of | Stretch 
removed. 


elasticity. | limit. 
2,222 
2,828 





2,060,000 


1,919 
1,964,000 


1,414 
2.222 


1,010 


Second testing, immediately following first... ; 
Third testing, immediately following second. ..; 1,148 
Fourth testing, immediately following third... | 1,087 


1,946,000 


2,935 
1,937,000 


| 3,354 | 
| 98,478 


*It appears to correspond with what Prof. Kennedy has called the “ breaking-dowr limit.” 
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The maximum stress produced a per-| is diminished at the second application, 
manent extension of 41 millionths of the but afterwards gradually increases, and 
original length. that the “drawing out limit” increases 


B. A Precisery Srmmmar Bar. 


Kilograms per square centimeter 
(0. 00635 ton per square inch. ) 


Limit of Stretch | Load Mean 


| ee “oe : : modulus of 
| elastioty. limit. | removed. elasticity. 





First time of testing 1,610 2,113 2,213 2,060,000 
Second testing, eighty hours after the first. . 2,240 2,444 2,851 2,026,000 
— oe sixty-eight hours after the 2,485 3,106 3,318 1,985,000 
Fourth testing, sixty-four hours after the third.| 2,982 _ 3,408 2,018,000 


And under this maximum stress the; throughout. From the series B it will 
elongation was 18 millionths of the be seen that, with considerable intervals 
original length. of repose, both limits are steadily raised 

From the series A it will be seen that, throughout. This appears to hold gen- 
when no appreciable interval occurs be- erally. 
tween the loadings, the limit of elasticity 


ON A NEW SYSTEM OF HYDRAULIC PROPULSION. 
By VICE-ADMIRAL J. H. SELWYN. 


From the “Journal of the Royal United Service Institution.” 


Tue subject to which I am about to First, the water was set in motion by 
draw your attention is one of consider- discs, fans, vanes, paddles, or screws, in- 
able interest, not only on account of its side a casing, which confined it, so as to 
connection with hydraulic propulsion, produce a pressure. 
but as leading to the study of a hitherto Next, the waterunder such pressure was 
neglected branch of hydrodynamics, caused to take a determinate direction. 
which may even influence, when thor- Lastly, acontrollable ultimate direc- 
oughly understood, some of the accepted tion was imparted to the water, which 
physical theories. might be forward, backward, or oppo- 

We are all more or less familiar with site on the two sides, or, again, entirely 
the various forms in which machines for | annulled by being converted into upward 
utilizing water-power have been made. pressure, at the will of the operator, and 
In useful effect produced, no doubt the | without interfering with the movement 
turbine stands at the head of the list, of the engines. 
and the attempts hitherto made to apply| It was, in fact, the realization of a 
hydraulic propulsion to vessels have al-| most perfect form of propulsion, which, 
most invariably comprised some form of | being entirely based on reactive effect, 
turbine, to which the power of the en-| was not, and could not be, dependent, 
gine was applied, in order to obtain a re- like the paddle and screw, on the steadi- 
active effect from water set in motion. ness of the vessel for its maximum use- 
But in every one of these systems, not ful effect, besides presenting many other 
excluding the most modern form of cen-| advantages which have been often 
trifugal pump, the methods employed | brought to the notice of this Institution, 
were such as to produce the following |and which it would be outof place to 
effects : bring forward again on this occasion. 
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But there have been also objections ‘taken into the vessel when moving with 
made to the use of hydraulic propulsion, | the least possible effort, and leave it with 
and these have been invariably on the | the least possible shock. 
score of lower speed obtained with a | Theoretically, therefore, the water 
given I.H.P., since nothing else could | should enter the bottom of the vessel by 
have been adduced against a system its own gravity, should ascend an in- 
which on all other points showed so un- clined tube forming part of the vertically 
mistakable a superiority. No impartial disposed propeller casing, and having 
observer will allow, if he is fully in pos- had motion imparted to it by the pro- 
session of the facts, that any such defect | peller, should leave the vessel imme- 
in speed has been shown, but the objec- diately above water, with the velocity 
tion still has great weight with large and area necessary to overcome the re- 
numbers of persons, who ought to be sistance of the vessel, and to give her 
better informed on a matter so nearly the desired speed. But there should be 
affecting the maritime interests of Great | no whirling or vortex action of the water, 


Britain. 

But we will, if you please, for a mo- 
ment consider what the objection would 
amount to, were it absolutely true. 


More I.H.P., and therefore more fuel, | 


must be used; but this would be all, and 
with more economical modes of burning 
fuel and less of the ‘baseless supersti- 
tions of the profession” (as a great 
American engineering authority 


called them) as to the pressure at which | 
we use steam, this increase of fuel ex- 
penditure might be nullified. 


this be the case with the paddle and 
the screw? Clearly the question must 
be answered in the negative, for both be- 


ing dependent on the area of water | 


against which they push for their react- 
ive effect, and this area being limited 
constantly by the draught of water of 


the vessel to which they are applied, and | 


occasionally by her movements in pitch- 
ing and rolling, can never be equally effi- 
cient with the internal reactive effect pro- 
duced by a properly constructed hy- 
draulhe propeller. The problem involved 
in the construction of such an instru- 
ment is much more complex than would 
at first sight appear probable, and we 
shall find that one of the first conditions 
of success is, that all change in the di- 
rection of the water when set in motion 
by the machine, which is not necessary 
for our purposes, is to be sedulously 
avoided. 
umn of water detracts from the propul- 
sive effect, since whatever power is ab- 
sorbed .for this purpose is taken from 
that which is available for setting the 
water in motion ina direction contrary 
to the path of the vessel, and it is from 
this source that we expect our forward 
motion. Thus the water ought to be 


has | 


Would | 


Next, that all lifting of a col- | 


jand no changes of cross-sections or 
| bends in the tube, since all these tend to 
diminish the ultimate velocity with which 
the water leaves the vessel, and v being 
velocity in feet per second, pressure in 
pounds on the square foot is v*X.976, 
but little less than the square of the ve- 
locity itself. 
In the “ Waterwitch ” I find— 


2 


Area of orifices of discharge, 6 square 

feet, 

Velocity of water of discharge, 30 feet 
per second, 

and by the foregoing formula, 878.4 lbs. 

per square foot, which gives for 6 square 

feet 5,268 lbs. 

Now it may fairly be said that all 
those hydraulic propellers we have hith- 
erto seen applied, have the features, 
which I have referred toas being theoret- 
ically objectionable, very strongly de- 
veloped. They do interrupt the motion, 
they do create vortices, and they have 
contractions and bends in the channels 
of the water. They also develop a 
pressure in the casing, due to these cir- 
cumstances, which, though it may be, 
nay is, indispensable in a pump or a rev- 
olution indicator like Mr. Tower's, is 
positively to be avoided in a propeller. 

Yet, in spite of all these defects, the 
hydraulic propeller has given a speed of 
vessel equal to that of the screw, under, 
as nearly as possible, similar conditions. 

It is also to be remarked, that it has 
never yet been tried under those condi- 
‘tions of high velocity which would be 
‘most favorable to its action and most 
fatal to that of the screw, unless we are 
‘to admit unlimited draught of water or 
a reduplication, which I should consider 
most objectionable, if the effect we seek 
(can be got without it. 





ea Ne ee SS Ul CU 


ON A NEW SYSTEM OF HYDRAULIC PROPULSION. 205 





Having thus glanced at the merits and capable of doing what is wanted with- 
defects of known systems of propulsion, | out any of these impediments, and that 
I propose to bring before you the inven- the smoother the pulley, the better the 


tion of Mr. George Wilson, C.E., who is 
the author of papers on the “Flow of 
Gaseous Substances into each other at 
High Pressures,” and who has, in Hol- 
land, had extensive experience in the 
use of Gwynne’s and other centrifugal 
pumps. 

I said at the commencement that I 
was about to refer to a neglected branch 


of hydrodynamics. It is this: That) 


water (indeed every fluid or gaseous 
body) adheres to solids with a force pro- 
portioned to the square of the velocity 
with which the solid passes through it. 
Now, there are many familiar instances 
in which this effect is seen. If a grind- 
stone be driven fast in a trough filled 
with water, not only is the water centrif- 
ugally dispersed, but a film of water 
will be seen ascending higher and grow- 
ing thicker on the periphery as the speed 
is increased. If a fly wheel pit be filled 
with water the rim of the wheel, though 
turned ‘smooth, and more, the smoother 


it is, will instantly do as the grindstone | 


did. If, again, a circular saw be drowned 
in water, it will empty its own pit. A 
ship also carries, as we know, a skin of 
water with her. Neither has the prin- 
ciple been left without its application 
in pumps, for Messrs. Gwynne’s pumps 
have been most successful since the 
internal wheel took the shape of a disc, 
on which the blades of the former tur- 
bine remain only as mere adjuncts. In 
propellers, too, Mr. Aston’s paddle- 
wheels, which had no paddles, but only 
rims, are an application of the same 
principle. 

But none of these are capable of per- 
fectly fulfilling the conditions which 
ought to be obtained for the propul- 
sion of vessels with convenience and 
economy, the rim paddle because of the 
position and size, the centrifugal pump 
because it creates a vortex, and all modi- 
fications of paddles revolving in cases 
because they create counter-currents 
which impede instead of assisting the 
motion of the water in a determinate 
direction. 

You will, perhaps, be surprised to hear 
that a common grooved pulley, differ- 
ing from the sheave of a block only in 
size and shape of groove, has been found 


effect produced. 

The size of pulley, or diameter, is de- 
pendent upon the circumstances of the 
|particular vessel that has to be moved, 
‘and the velocity with which it is sought 
_to move her; but it may generally be 
'said, that in light draught vessels a 
‘small wheel with a high velocity will 
be found most convenient, and in deep 
draught vessels a large wheel with less 
speed of piston; and this suits well with 
other requirements, since, while we have 
been able to drive small engines at very 
high speeds, it is difficult, with any re- 
ciprocating system of engine, to obtain 
high velocity without serious strains, 
when great weights are employed. 

To give some practical idea of the 
machine proposed, we will take two 
types of vessel, one of light, the other 
of deep draught, and show the caleu- 
lation. “A” isa vessel whose draught 
of water is 4 feet, her mid section 80 
| square feet, and her wetted surface 2,000 
square feet. 

The diameter of each of two pulleys, 
‘applied on the main shaft of engine 
|(which is fixed transversely, and has a 
| speed of 300 revolutions per minute), is 
4 feet 6 inches, therefore roughly the cir- 
jcumference is 13 feet 6 inches. This 
| pulley is 30 inches wide, and has in it a 
parabolic groove 15 inches deep. Half 
|of this depth has to be deducted to ar- 
rive at the mean active periphery. The 
| pulley will therefore be calculated as be- 
ling 3 feet 3 inches in diameter, «nd 9.9 
in circumference: 9.75 x 300=2,925 feet 
per minute, about 48 feet per second. 

The “ Waterwitch” attained a speed 
of 9 knots or 15.21 feet per second, with 
a velocity of 30 feet per second, and the 
effect is known to increase as the square 
of the velocity, so thatif our area is suffi- 
cient we ought to get with 48 feet per 
second a speed of ship of about 14 knots, 
unless the resistance due to form is 
greater than in the “ Waterwitch.” 
Now, let us see what area we have, and 
how many pounds pressure on that area. 

The area of the parabola is two-thirds 
of that of an equal square. We have 
here 30 inches x 15=450, two-thirds of 
which is 300: area is therefore 300 





square inches. As before v*<.976 is 
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pounds pressure per square foot, and | 
amounts to 2,247 lbs., which multiplied | 
by 2, the square feet in area, gives 4,494 | 
lbs. as the pressure exerted at each pul- 
ley (roughly about 2 tons). We know 
that with the paddle and screw, from nu- 
merous independent experiments and ex- 
perimenters, the tractive force due to 
100 I.H.P. is about 2 tons. 

We also know that .301 of an I.H.P. 
per square foot of wetted surface will 
drive an ordinary ironclad 15 knots with 
twin screw. Further, that 3 I.H.P. per 
square foot of mid section is a fair allow- 
ance for 12 knots. I might say a very full 
allowance if it be effective horse-power. 
With these data it becomes easy to calcu- 
late what horse-power the engines should 
exert to drive such a vessel at any given 
speed, remembering always that with 
such an instrument as this all increase 
of power in the engines will constantly 
be felt as increase of propulsive effort, in 
the proportion of the squares of the in- 
creased velocity. | 

We will now take the calculation fcr 
the deep draught ship, say 22 feet 


draught, with the usual proportions for a 


fast vessel in other respects, but limiting 
ourselves to 70 revolutions of the en- 
gines, and a single engine, not two or 
more, which might evidently be used if | 
preferred. “B,” then, will have two | 
pulleys, or wheels, on each side, of w hich | 
the external diameter will be 20 feet, the | 
groove 3 feet wide, and the depth of | 
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we get in that direction? The witeiite 
would rise to 118 feet per second, and 
118° gives 13,924, say 6 tons per square 
foot. Now we have 6 square feet in 
each jet and 6 tons pressure per square 
foot, so we should have 72 tons pressure 
in all, or more than we require as the 
result of 3,000 I.H.P. So that there is 
no insuperable difficulty in the applica- 
tion even in what must be regarded as 
an extreme case, for if the engines were 
duplex, as in twin screws, it would be 
easier to attain the results, and there 
would be some other advantages gained 
in the event of one engine breaking 
down, or where rapid turning power was 
required. 

It is also possible to increase the area 
of groove by making the casing which 
must always surround the pulleys in a 
parabolic or circular form, so that the 
cross-section of any part of the groove 
will be parabolic in the groove and semi- 


groove 18 inches, with 70 revolutions, | circular in the casing, and this will very 
the velocity will be 59 feet per second, | likely be found to be the most perfect 
and the speed of ship about 17 knots, if | |form, particularly at very high velocities, 


there be sufficient area. The area will 
be 864 square inches, and the pressure 
per square foot 3,397 lbs. x 6 = 
20,382 Ibs. on each of the two jets. But 
20,382 lbs. is only equal to a little over 
9 tons, and as with such a ship we 
should employ about 3,000 LH.P., each | 
hundred of which would give a pull of 
2 tons, or 60 in all, it is clear that the 
above area will be entirely insufficient 
for our purpose. We want at least | 
three times as much, or six such pulleys | 
on each side. That is about 18 feet of 
pulleys in the thickness on each side of 
the engine, which would be absurd. 
Now, suppose we can increase the num- 
ber of revolutions of the engine to 140 
without difficulty, and I am disposed to 
think this might be done, what help should 





where the water may almost be consid- 
ered as a rope passing through the ves- 
sel, by which she is dragged along, much 
as a railway engine drags itself and its 
load along a rail. 

Hitherto, I have only spoken of the 
pulley or wheel, but you will see by the 
models and drawings that there is an- 
other very important feature. The water 
only enters on the wheel and leaves it at 
the semi-diameter, because this is the 
limit of the useful motion that can be im- 
parted or communicated. All beyond 
the semi-diameter, whether the water be 
conducted over or under the wheel, 
though useful in a pump, would be dead 
loss in a propeller. To meet this con- 
dition there is introduced a species of 
diaphragm of peculiar shape and section 





Oo = 


weew Ewe wweeaeeFetetiehUwSelULDlhCUh Hh 


ON A NEW SYSTEM OF HYDRAULIC PROPULSION. 207 





fitting nearly the lower part of the 
groove, and having curved surfaces, 
which form a continuation of the limits 
of what has been called the “rope of 
water,” which form in fact with the 
casing a pipe through which that rope of 
water passes. It will easily be seen that 
the tendency of water set in motion by 
any portion of the periphery of a wheel, 
and prevented from flying off centrif- 
ugally, would be to follow the periphery 
in its circular path, as in the helical 
pump, the dise pump, and all centrifugal 
pumps pure and simple. But with the 
condition of propulsion to fulfil, the 
energy must be directed in another path, 
namely, that which is opposite to the 
progress of the vessel, and in this ma- 
chine it is done by, so to speak, scraping 
the water off the wheel, and diverting its 
motion into the needed curve. In doing 
this, there must necessarily be a slight 
loss of power, but it is the least possible, 
consistently with the effect to be pro- 
duced. The path of the water is shown 
by the arrows and dotted line in No. 2 
diagram. Arrangements are made by 





which the reversal or interruption of the 
motion can be effected, while the engines 
continue to exert their full speed ahead 
something in the same way as in the 
“ Waterwitch.” 

Ihave now put before you the shape 
of the instrument proposed and given 
you some account of the way in which it 
does its work theoretically. But this 
latter would be incomplete, were we not 
to examine the question of hydrodynam- 
ies involved. In Mr. Scott Russell’s 
paper (vol. xxii, No. CII of the Journal 
of this Institution), are some statements 
which show very clearly how water is 
acted on by wind. Here is a case, not of 
a solid body imparting motion to water 
confined in a casing, but of water set in 


/motion by the impact of the atmosphere, 
the direct pressure of which is, according 
to Mr. Scott Russell : 


1 lb. for wind at 20 miles per hour. 
4 lbs. * oe * “ 
9 Ibs. “ 60 “ ” 


Query, what is the pressure to be 
added on account of direct weight of 
atmosphere. 

He says also, that 4 lbs., or the six- 
teenth part of the weight of a cubic foot 
of salt water, could communicate a ve- 
locity of 2 feet per second to 1 foot of 
water in one second of time. 

These statements will serve to show 
what we might expect from such a pulley 
as I have been describing, set in motion 
at such a speed in a body of water. 
From another paper on Zower's Revolu- 
tion Indicator (vol. xxiv, No. CV), we find 
that in that instrument, which is a paddle 
turbine, raising water in a confined 
column to a height corresponding to the 
number of revolutions, the elevation of 
the column is precisely that due to the 
number of rotations multiplied by the 
external, not the mean circumference of 
the wheel, and calculated according to 
|the laws of falling bodies. Therefore, 
/even at the comparatively slow speed of 
60 or 70 revolutions, we might be sure 
that the whole of the water is really set 
in motion, since the atoms must re-act 
on each other precisely as they do when 
wave motion is produced by wind, with 
the remarkable difference, however, that 
the motion is propagated from the motor 
outwards, not from the surface. inwards, 
and thus in some measure resembles the 
wave of translation, which delivers its 
force through any distance without dimin- 
ution. It is now necessary that I should 
tell you what has actually been done in 
practice. Engineers of high standing 
had predicted utter failure. They said 
that it was absurd to suppose that a 
smooth pulley could communicate any 
motion to water. It ought at least to be 
roughened, if it did not require paddles ; 
this was disproved in a bucket. Then 
“it might move water in that way, but it 
could never act as a pump;” this was 
disproved in a tank. ‘Then it could, at 
least, never answer as a propeller; this 
has been disproved in a boat. I havenot 
the least doubt that it will now pass into 
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the second phase of inventions. The 
first is, “the thing is not good;” the 


second is, “ the thing is not new.” After) 


these are disposed of there will, no 
doubt, come some other phases of the 
subject, which are principally disguised 
attempts to appropriate the profits ; and 
I can only say, though I have no other 
than a scientific interest in the question, 
that I hope the inventor will get his re- 
ward in due time, and not be left to lan- 
guish like “Screw” Smith, and so many 
others of our cleverest inventors. At 
the beginning of this paper I spoke of 
the subject being an interesting one 
from purely physical points of view, and 
I wish briefly to call your attention to 
this part of the subject. If we admit 
that the adhesion of water to a solid 
moving in it is so great that the whole 
velocity of the moving body can be im- 
parted to it, we shall first see the import- 
ance of skin friction in ships, and be 
able, perhaps, to measure it more accu- 
rately. We shall be able to find out the 
value of the same force acting on the 
surface of our screws; we shall be led to 
reconsider the whole problem of pump- 


ing engines at high speeds (the account 
of the work done by a centrifugal pump 
at Crossness shows the necessity of this), 
and generally there will be a new light 
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‘thrown on many most interesting prob- 
‘lems in hydrodynamics. 

| But we may go even farther, I con- 
ceive, and examine into the great forces 
at work on the globe, either to retain the 
‘water of the ocean in its place against 
the centrifugal force, or to cause the 
‘motion of great bodies of water from 
east to west. What may not be due to 
a speed of a quarter of a mile per second, 
if with the petty speed of under 100 
feet per second, such results in propul- 
sion may be produced. I venture to 
commend the whole subject to the 
younger members of the naval profes- 
sion as one full of interest for them, but 
there is matter enough for thought in it 
for engineers and philosophers of the 
very highest caliber, and by these I hope 
it will be taken up and thoroughly in- 
vestigated. I believe we shall find a 
law prevailing that speed of rotation 
being a quarter of a mile per second, ad. 
hesion is absolute. Finally, I have only 
to say that when a vessel of about 130) 
‘tons now preparing is completed, I shall 
be happy to give a more complete ac- 
count of the advantages of this mode of 
propulsion, combined with the Perkins 
‘engines of 200 L.H.P. This I hope to 
be able to do some time in the autumn 
| of this year. 


CONCRETE SEWERS ABROAD. 


From *‘ The Builder.” 


Tue construction of concrete drains is 
increasing yearly on the Continent, not- 


side requires attention, if the whole is to 
be finished off carefully. 
These difficulties have induced Herr 


withstanding the competition of earthen- | 
ware pipes. These drains are made in/|J. Chailly, of Vienna, manufacturer of 
two ways. Either concrete pipes or concrete goods, who distinguished him- 
drain pieces are joined by concrete self. as a member of the Austrian com- 
mortar, or the mould of the drain is put | mittee appointed to fix a concrete stand- 
up on the spot, and concrete rammed (ard, to construct centering for concrete 
round it into the soil. Although the sewers by means of which the desired 
latter mode of proceeding is the cheap- | form of section, and the inner surface of 
est, and possesses beside the advantage | the drain, may be made so exactly and 
of homogeneousness and better condi- smoothly as to dispense with subsequent 
tions of drying, the erection of the mould, | finishing off. The saving thus effected 
and especially obtaining an accurate|is said to be the least advantage, the 
angle of fall and small gradients, offers | principal one being that the sewer may 
no slight difficulty. After removing the | be constructed with a degree of almost 
mould or centering, moreover, the in| seatesnetiionl exactness, which insures & 
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rapid draining off of fluids and prevents | 
accumulation injurious to health. The 
apparatus recommends itself also on ac-| 
count of its cheapness, a length of only | 
6 feet being required; as soon as that, 
length of drain is completed, the appa- | 
ratus is withdrawn, and a fresh piece be- 
gun. The time taken in completing a 
length is three hours, so that in a work- | 
ing day of twelve hours about 25 feet | 
may be made. The concrete being) 
rammed into the soil, and thus becoming 
closely connected with it, settlements 
and cracks are out of the question. It 
is claimed for the apparatus that, the 
mould being firmly fixed, it does not 
move even during the operation of ram- 
ming the concrete, while with other sys- 
tems it is shaken about, and it is impos- | 
sible to maintain the same direction and 
an exact level. 
is finished, the apparatus may be loos- 
ened easily and without friction, and 
moved forward. A number of concrete 
sewers have been made with Chailly’s | 
apparatus ; for instance, 20,000 feet run 
at Linz, as well as many drains at) 
Vienna, Teschen, Xe. 


The construction of the apparatus is 
as follows :—It consists of a tube, the 
outer surface of which forms the inner 


surface of the drain. This tube is di- 
vided longitudinally into six or more! 
parts or planks, the lateral divisions 
being of the same width throughout; 
the lower or bottom plank and the 
upper or vaulting piece only being 
wedge-shaped. The upper wedge must 
be, on the whole, narrower than the, 
semi-circle of the vault, so as to en- 
able the workman to detach it at the 
proper time from the concrete without 
pressure or loss of time. All the planks | 
have smooth horizontal joints, and the | 
tube formed of them is somewhat rounded 
off inwards, or drawn together at its 
front and back ends, so that its cross- 
sections at those places are somewhat 
smaller. This facilitates the insertion 
of the tube in front in a guage-ring of 
the drain-mould, and behind in the com- 
pleted piece of the drain; at the same 
time it adapts the tube for making 
slightly-bent drains. The lateral planks 
are jointed to the gauge-ring by means of 
conic tenons in projections, of the same ; 
the bottom plank is secured tothe gauge- | 
ring by two wedges. This gauge-ring | 
Vor. XXVIIL—No. 3—15. 


drain by means of sighting rods. 


After the piece of drain | 


cuts off the concrete to be brought in in 
such a manner that each new piece of 
drain is rabbeted to the piece last made. 
The gauge-ring is adjusted by wedges, 
and at top and bottom by squares and 
plummets provided with exact marks. As 
the gauge-ring must always be at a right 
angle to the axis of the drain, it will, 
owing to the fact that sewers have more 
or less of a fall, and are, as a rule, con- 
structed from below towards the top, be 
not vertical, but hang over at the top. 
In accordance with this, a mark corre- 
sponding to the inelination is placed upon 


the lower square, and the plummet set 


upon it. The upper square is put upon 
the correct longitudinal direction of the 
The 
withdrawal of the apparatus after fixing 
the gauge ring is effected by first loosen- 
ing the bottom plank and withdrawing it, 
and next securing it to the gauge-ring by 
means of the wedges mentioned, while, at 
the back, it is supported at the lateral 
planks still in the drain also by wedges. 
The lateral pieces are kept in their place 
by suitable wedge stays. As soon as the 


/bottom plank is fixed the concrete is 


stamped in between the soil and bottom 
plank by means of curved pestles, and 
leveled with radial joints. The lateral 
planks are then drawn forward in a similar 
manner, fastened, and stamped in with ce- 


‘ment. The vaulting piece is then similarly 
dealt with. The vaulting slab is fixed to a 


carriage-like wheeled frame,which follows 
on withdrawal. The vaulting piece settles 


somewhat, but is lifted again on being 


fixed to the gauge-ring. Two gauge- 
rings are only necessary at the com- 


/mencement of work. The carriage is then 


put inside the tube, and connected with 
lateral pieces, for which it has supports. 
These longitudinal pieces serve for fas- 
tening the wedge stays, which secure the 
lateral planks. 

Various sections, but mostly of an egg 
shape, have been made with this appa- 
ratus. The sewers of Linz are construct- 
ed of concrete of a thickness of 6.2 in. at 
the bottom, 5.9 in. at the sides, and 5,1 
in. at the crown, and they have an inner 
height of 3.8 ft., and a greatest width in 
the upper quarter of 1.9 feet. The con- 
crete used for them consisted of one part 
of Portland cement, one part of Kufstein 
cement lime, four parts of sand, and four 
parts of gravel. The municipality of 
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Vienna has all the sewers of the city con- |and seven parts of broken stones; that 
structed after this method. The concrete for the lateral portions of one part of 
used for the bottom consists of one part cement lime, two parts of sand, and two 
of Portland cement, three parts of sand, | parts of broken stones. 








STONE ARCHES UNDER EMBANKMENTS. 
By B. 8S. RANDOLPH. 
Written for Van NosTRAND’s ENGINEERING MAGAZINE. 


Tue cheapness and facility with which|in Van Nosrrann’s Magazine, October, 
iron bridges are now built seems to have November and December, 1881, show 
caused a very general decline in the use the futility of any calculations, in the 
of the stone arch, notwithstanding the present state of knowledge on the sub- 
fact that an estimate of cost will fre-| ject, of the character of pressure which 
quently show a decided difference in /|is experienced by an arch under an em- 
favor of the latter, especially when the bankment. Nor is more knowledge on 
span is not very great, or when high the subject likely to decrease the diffi- 
abutments would be needed to support | culty of determining the proper shape 
an iron superstructure. Added to this, | of such an arch, since we know that cer- 
the stone arch, when once properly | tain materials give more lateral pressure 
built, needs no further care to correspond | when freshly deposited than after they 
to the constant watching, painting and | have settled, while others behave differ- 
repairing required by iron structures. (ently when wet and when dry, without 

Such modern examples of the stone regard to the length of time which they 
arch as we have of less than fifty-feet have been deposited. 
span seem to be confined to the semi-| So the problem of dray.ing an arch of 
circular or “full center” form. This is such form that the line of pressure shall 
very graceful and, while the crown is lie in the “middle third” of ringstone of 
near the surface so that the load can be | any reasonable depth becomes practically 
properly distributed, answers the pur-| impossible, and the way out of the diffi- 
pose very well; but the frequent failures | culty seems to be to control the load so 
under high embankments indicate practi- | that its character shall be constant and 
cally that there is room for improve-|then proportion the arch to meet it. 
ment, a fact which will also become; In some recent designs for arches 
theoretically apparent when an effort is| under high embankments I have used 
made to construct the line of pressure in| the following method, which seems to 
a semicircular arch so loaded. ‘accomplish the purpose, though I have 

By line or curve of pressure is meant | not had time to test it practically. 
that line on which, if all the forces of} The abutments are carried up to a 
the load be applied in their proper posi- | level with or a little above the crown, as 
tion, direction and amount, their result-| shown in the cut, having sufficient base 
ants will maintain each other in equi-| to act as retaining walls, and resisting 
librium, Several methods of obtaining | the lateral pressure, they allow nothing 
this are given by the authorities, as also| but, vertical pressure to come on the 
the demonstration of the fact that it) arch. 
should lie at least one-third the depth of; In the construction the earth is 
the ringstone from either end, or, as| brought up to the top of these walls, 
commonly expressed, “in the middie|when the lateral pressure will cause 


third,” so they need not be repeated 
here. 

The very interesting article of Mr. 
Benjamin Baker on “The Actual Lateral | 
Pressure of Earthwork,” together with 
the discussion which followed in the In- 
stitution of Civil Engineers, as published 





them to move slightly inwards by virtue 
of the elasticity of the material of which 
they are built. 

The space MNO, which has been left 
open until now, is filled with thin, hard, 
flat stone, loosely hand laid on their flat 
surfaces. In this way the lateral press- 
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ure is kept from the arch as far as pos- 
sible, since the walls have moved as far 
as they are likely to, and the flat stone, 
while they will transmit any amount of 
vertical pressure, will move on themselves 
before transmitting very much lateral 
pressure. If this is deemed insufficient 
the space MNO could be built solid with 
stone laid in mortar, and an opening a 
few inches wide left on the line NO and 





covered with large stone laid over the 





top to keep the earth from filling it up. | 
Supposing this arrangement of the load, 


the arch is drawn almost if not wholly 
for vertical pressures, depending on the 
engineer's confidence in his arrangement 
for securing such pressures. 

In the cut are given the various forms 
of the pressure lines for extreme cases in 
an arch of the general form of the one 
shown. 

For a very high embankment, suppos- 
ing the pressure to be equally distributed, 
and all pressures vertical, we have the 
line A. Supposing the pressure equally 
distributed, but allowing pressure, in 
addition to the vertical, at one half the 
usual angle of repose (564° with the 
vertical) as in the calculations for retain- 
ing walls, we have the line B. Taking 
all vertical pressures but proportioned in 
amount to the amount of material below 
the line PQ, we have the line C. Allow- 
ing for pressures at the same angle as 
before, but proportioned to the amount 
of material below the line PQ, we have 
the line D. 

It will be observed that these are ex- 
treme cases, so the true line for each 
case must lie somewhere between them. 

If we could rely on the walls to do 





away with all the lateral pressure on the 


arch ring, the true line would lie between 
A and C, depending on the depth of the 
crown below the surface of the embank- 
ment. 

This, it is scarcely safe to expect, in 
view of the elasticity of the materials 
composing the walls and of the tendency 
of the material between the walls and 
the ring to become somewhat compact 
under the vertical pressure and so trans- 
mit lateral pressure. 





The form would then approach that in 
which lateral pressure was considered, 
which would seem to point to the line B, 
a medium between A and C as the one 
most likely to meet all conditions. 

The following method of drawing the 
arch produces this form very nearly and 
will also be found to satisfy quite a num- 
ber of various conditions of load. From 


| the springing line as a center with the 


a radius equal to the span describe a 
segment upwards from the opposite 
springing line to a height of 45°. Draw 
the opposite side in the same manner 
and connect the two arches with one of 
90° tangent to the first two, the radius 
of which will be .293 of the span. 

This form of arch gives somewhat less 
area of opening than the full center 
form of the same span and height, but the 
diminution is principally in the upper 
part, which in large arches should not 
be considered in calculating waterway, 
and would make very little difference in 
the passage of most vehicles. On the 
other hand, in a full center arch, without 
an assurance of considerable lateral press- 
ure or a sufficient difference in the 
amount of load at the crown and at 
the haunches, the construction of a few 
lines of pressure will show a very un- 
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stable condition of affairs, the line lying 
far inside the curve of the voussoirs 
tending to raise the haunches and let 
the crown down. 

This fact is borne out by the failures 
of full center arches in actual practice, 
which usually occur by a dropping of 
the crown of the arch while at the 
haunches, being unable to rise against 
the load, the voussoirs are chipped and 
cracked on their inner surfaces by the 
excessive pressure near the inner surface 
of the ring and so make room for the 
descending crown. 

From what has preceded it is not to 
be supposed that it is intended to state 
that a full center arch under a high em- 
bankment will always fail, since a variety 
of circumstances may, and do, obtain to 
make them stable. 

In embankments composed largely of 
rock, gravel, or any latcose material there 
is always considerable lateral pressure, 
even when dry, which would cause the 
line of pressure to approach the shape of 
a full center arch. And beside this in 
the construction of most semicircular 
arches they are “loaded” over the 
haunches with stone laid in cement, 
which, on setting, converts the mass into 
more or less good masonry, so that the 
line of pressure may lie anywhere, either 
in the ring or “loading,” and the struc- 
ture be stable under a variety of con- 
ditions for which it was not strictly de- 
signed. 

For instance, under a given load the 
shape of the curve of pressure depends 
on the ratio between the rise and span, 
and if we assume a segmental arch hav- 
ing arise equal to one-fourth the span, 
we will find that it coincides very closely 
with the curve for a load of all equal 
vertical pressures. This curve might 
readily be contained in the ringstone and 
loading of almost any full center arch, 
and if we suppose a condition of load 
approximating this to occur in the em- 
bankment, the curve of pressure passing 
through the keystone will gradually di- 
verge from the line of the ringstone and 
lying above them in the loading will 
reach the line of the abutment face at a 
point approximately one-half the rise 
above the springing line, and the arch 
will in reality act as a segmental arch 
with a rise equal to one-fourth the span, 
the ringstone near the springing line 











carrying nothing but their own weight. 
This, of course, gives a very considerable 
lateral pressure which the abutments 
with such assistance as they obtain from 
the material placed behind them may 
be able to resist, in which case the struc- 
ture will show no signs of failure, more 
through accident than intention. Such 
a structure, while it might carry its load 
for an indefinite length of time, would 
scarcely be creditable to a professional 
engineer, whose aim should be not only 
to accomplish his object thoroughly and 
effectively, but to do it with due regard 
to the amount of money expended, and 
frequently to practice the strictest econ 
omy, neither of which could be said to 
have been considered or practiced in a 
structure in which some of the parts 
would never be called on for anything 
but the support of their own weight. 
——egpoeo————— 

A Mownument to ALExanpeR Lyman 
Ho.tiey.—The worthy project of erecting 
a monument in Central Park to the 
memory of Mr. Holley is announced by 
a circular issued by direction of a joint 
committee, composed of special com- 
mittees from the American Society of 
Civil Engineers, American Institute of 
Mining Engineers, and the American 
Institute of Mechanical Engineers. 

It is proposed that the monument con- 
sist of a suitable pedestal in stone, sur- 
mounted by a portrait bust in bronze. 
The cost will be about ten thousand 
dollars. 

The sub-committee, to whom is en- 
trusted the power of receiving subscrip- 
tions, is composed of Chas. Macdonald, 
R. W. Raymond, and J.C. Bayles. The 
office of the treasurer, Mr. Macdonald, 
is 52 Wall Street. 

—-___ ~gpe—_—— 

Tue RensseraER Poryrecunic Insri- 
tuTeE.—The plan of raising an endow- 
ment fund for this institution is meeting 
with encouraging success. The amount 
of thirty-one thousand dollars is already 
pledged. 

The committee regard with much 
satisfaction the fact that a warm interest 
in the project is manifested by the 
Alumni of the Institute, and that a 
larger portion of the fund thus far 
pledged is made up of moderate sums 
subscribed by graduates who are actively 
engaged in engineering. 
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THE RESISTANCE OF VIADUCTS TO SUDDEN GUSTS 


OF WIND. 


By JULES GAUDARD, Civil Engineer, Professor at the Academy of Lausanne. 
Translated from the French by L. F. VERNON-HARCOURT, M.A., M. Inst. C.E. 


In order to ascertain the condition of | rubs. Moreover, fora stream of small 
stability of a structure exposed to wind, | section, the surface is assumed to be 
it is necessary, in the first place, to know | much larger than the section, in order 
the pressures which atmospheric dis-| that the spreading out may be complete. 
turbances can produce, and then tostudy; If nowa plate having an area §, is 
the effects of these forces, and the addi-| struck by the air, the gaseous stream will 
tional strength necessary to resist them. | have a cross-section, S sin a, limited 

With regard to the first part of this | merely by the circumference of the plate ; 
programme, it is essentially necessary to the central filaments will always find an 
have recourse to experience. In fact, its | ‘ample surface over which to spread, but 
only theoretical basis is a doubtful simi-|in doing this they will push out and 
larity between a gaseous jetand astream |turn aside the other filaments; and as 
of liquid, which latter, though a more regards the outside filaments, their posi- 
simple phenomenon, admits only of ap- tion will be so far different that, with 


proximate investigations. 

When a fluid stream, whose cross-sec- 
tion is s and velocity v, strikes against a 
plane surface, to which its axis is inclined 
at an angle a, it spreads out in a layer 
against the obstacle, as shown in Fig. 1; 





Fig.1 


and the formula which expresses the total 


2 


normal pressure on the surface is 


8 sin «, in which II denotes the specific 
weight of the liquid, and 4, the accelera- 





tion due to gravity. As- rs double the 


height which the column of water would | 
require to fall to attain a velocity v at | 
the bottom of the fall, it follows that the 
dynamical pressure, in the case of verti- 
cal incidence, may amount to double the 
weight of the same column in a state of 
rest. The pressure, moreover, is reduced 
in striking against a convex surface, and 
increased against a concave surface. 

This phenomenon was said to be com- 
paratively simple, because the liquid, 
owing to its high density, is little af- 





fected by the surrounding medium of air 
which it displaces, or against which it 


‘only a very slight deflection, they will 
escape before having exerted all their 
dynamical force. On the other hand, 
the column of air arrested by the obsta- 
cle will be hemmed in by other layers of 
air in motion, which it will whirl about in 
forcing a sideways outlet for itself. 
Lastly, the partial vacuum produced on 
the sheltered face will enter as a cumula- 
tive force into the problem of stability. 
If these disturbing conditions could be 
neglected, taking as an average II=1% 
225, and g=9.81, the formula of the fluid 
stream would give, per square meter of 
surface impinged on, a pressure of 0.125 
v’ sin’ a, produced by a wind having a 
velocity of v meters per second, and with 
an angle of incidence a. 

In reality the numerical factor may 
differ more or less from this theoretical 
result ; but, as regards the degree of in- 
[fluence of the velocity and the mass of 
‘the fluid, it appears to be confirmed by 
the following considerations. An obsta- 


cle AB (Fig. 2), being placed in the 
course of a fluid, the filaments CA, CB, 
diverge in curved lines, turning their 
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convex side towards the obstacle. This| In 1835-37 Piobert, Morin, and Di- 
curvature produces centrifugal reactions |dion, made observations on the fall of 
proportional to the mass of the mole-|a plate suspended to a cord; the laws 
cules and to the square of their velocity; |of the motion being indicated, with re- 
and it is the sum of these reactions which |spect to the guide pulley, by a clock- 
develop the “live pressure” against the |work apparatus. The resulting formula, 
front face of the body AB. At the op- |namely, 0.036 + 0.084v’ + 0.164), contains 
posite side of AB, on the contrary, the|a term proportionate to the accelera- 
filaments AD, in tending to return to the|tion 7 in the case of variable motion, 
line of their former direction, assume|which vanishes for uniform motion. 
curves with the concave side turned to-|Analogous formule have been obtained 
wards the obstacle. Accordingly a par- for parachutes. The velocities observed 
tial vacuum, or “non-pressure,” as Du-|did not exceed 10 meters (33 feet) per 
buat terms it, is produced, which has an | second. 
effect similar to the “live pressure,” and; Whereas for slow motion the law of 
is additional to it in the final result.|pressure appears to be best expressed 
Ir |by formule having two terms, of which 
The specific weight being—, the total re-| one is proportional to the square of the 
g . velocity, and the other is taken as a 
sistance may be expressed by K II—, or constant by some, or proportional to 
27° | the simple velocity by others; it is 
0.0625 Kv’ per unit of surface, in which found, on the contrary, that the in- 
the value of the coefficient K must be de- itensified phenomena of ballistics indi- 
termined by experiment. If the plate|cate a greater variation than the square 
AB is replaced by a prism more or less lof the velocity. Piobert estimates the 
elongated, the “live pressure” remains resistance to motion of a projectile 
the same, but the “non-pressure” is re-| whose section is s as 0.023 sv* (1+ 
duced, and consequently the value also |0.0023v); but sometimes it is expressed 
of K, which represents the resultant of|by a single term proportionate to v’. 
both forces. Thus Dubuat, who had ob- | As regards the reduction of pressure due 
tained K=1.43 for a plate moving in|to the obliquity of the current, experi- 
a liquid, obtained similarly K=1.17 for |ments indicate a less rapidly diminish- 
a cube, and K=1.10 for a prism whose |ing factor than the square of the sine. 
length was thrice one of the sides of | Didion found that in bending the oppos- 
its base. ing surface so as to form a convex two- 
Experiments made in air appear to|sided angle, and inclining each of the 
have given results varying between K two faces thus formed at the same an- 
=1.3 and K=2.2 in the case of thin gle @ to the direction of motion, the 
plates; variations due perhaps, partly, |formula has simply to be multiplied by 
either to the inexactness of the law of! a ; a ae 
the square of the velocity, or to the in- | 99°° 8° long as a is between 90° and 65". 
fluence of the size of surfaces employed, | Hutton had arrived at the complicated 
or to the rotatory motion of these sur- formula 0.135 81-1 »* (sin a) 18400s@ for 
faces in the experiments when they are | the total pressure upon the surface s of 
paddies of wheels. |a plate in the case of velocities below 10 
General Morin has introduced a con-| meters (38 feet). It will be noticed in 
no ew agedy merge 1893, by The ‘this formula that the pressure per unit 
beult, by menue of o fiy-wheel with iit. | Of surface is considered to be propor 
tle sails on a horizontal axis, he de- 
duced the formula 0.0044+0.108v* as| 
expressing the resistance per square |Borda’s experiments, which indicated a 
meter. The coefficient 0.108 remains pressure of 0.09v’ per unit of surface, on 
practically constant for inclinations be-|a square whose side was 0.11 meter (4% 
tween 90° and 50°, provided it is re-|inches), and 0.105 v* when the side 




















1.1 es 
tional to——or to "°4/s,which agrees with 





ferréd to a square meter of surface pro-|amounted to 0.25 meter (93 inches). 
jected on a plane perpendicular to the |The influence of the size of the area on 
direction of motion. | 


the result is explained by the fact that 
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the filaments of the current near the sides | ceedings, vol. v., p. 292. In the same 
only produce a partial effect, and the | volume (p. 296) will be found the results 
larger the surface, the smaller is the pro-|of the careful experiments made by 
portion of the perimeter to the area.| Colonel Beaufoy in 1815, with plates 
However, Didion, Thibault, and other | however only 1 foot square, which may 
observers, have, on the contrary, arrived account for these pressures being less 
at the conclusion that the total pressure | ‘than those adopted by Smeaton. Gen- 
is proportional to the surface, and inde-| eral Morin deduced a formula from some 
pendent of its form. Morin gave as an| experiments by Thibault in 1826, which 
objection to Borda’s experiments, made | gives results approximate to those of 
with a fly-wheel having small sails turn-/ Smeaton, but decidedly greater than the 
ing a vertical axis, that the effect of the | resistances experienced in moving flat 
friction of the apparatus had not been discs in still air, which would support 
calculated. Dubuat s opinion as to the incorrectness 
The resistances offered by the air to| of the axiom mentioned above. 
railway carriages in motion have been! It would appear from calculation that 
variously estimated: ‘hus Harding | the pressure on a cylinder is two-thirds, 
gives 0.0627 v’, and Ruehlmann 0.117 v*/and that on a sphere half of the press- 
per square meter of front section. The/ure on their diametral sections. Borda, 
circumstances, however, are complex, and | however, obtained by experiment the 
when it is desired to estimate the resist- | smaller values 0.57 and 0.41 as the rela- 
ances as closely as possible, it is neces-| tions of these pressures. For a prism 
sary to go into the details of the car-| presenting a right-angled isosceles tri- 
riages in order to ascertain the effect of | | angle to the air, he obtained the propor- 
the air in the spaces between them. ition 0.73, and for a cone the values 0.69 
It is generally accepted as an axiom | or 0.54, according as the angle at the 
that the resistance offered by air at rest | apex was 90° or 60°. 
to a moving body is equal to the press-| The velocity of the wind is recorded 
ure which wind moving with the same | by anemometers. Thibault obtained the 
velocity would exert on the body at rest. | pressures by plates attached to springs 
Smeaton, adopting a table drawn up by for measuring the resistance.* In a 
Rouse for winds having velocities not! similar manner Mr. Paris took measure- 
exceeding 72 feet per second, appears to| ments of the wind at sea by fastening 
have accepted pressures denoted by the, small boards toa deal rod which served 
formula 0.0023 v*, which are given in| as the spring, and he obtained the follow- 
a tabular form in the Minutes of Pro-! ing results: 


FEET PER SECOND. 





2.6 5.911. 219.730. 243.059.7.77. 498.8 125.3) 150.9 


LBS. PER SQUARE FOOT. 





Pressure exerted 0.02 0.09 0.30 0.872.183 4.25 8.03 12.56 22.12 37.90 51.20 


| | | 





These figures approximate to those | 1823, Green traveled in a balloon at the 


given by Smeaton’s formula, and are| rate of 210 feet per second. 


smaller than those derived from Hut-| The absolute relation between the 
ton’s formula, which formule would give | pressure and the — is by no means 
for a great storm of 151 feet velocity and ae maces 
second about 51.8 lbs. and 57.3 lbs. p me *Dr. ‘Lind, in 1775, one - a reversed siphon con- 
square foot respectively. In the higher win ee = 
regions of the atmosphere the velocities | inga measure of the pressure exerted. (Vide Minutes 


of edings Inst C.E., vol. v., p. 290, and Philo- 
may be very great, as itis stated that, in sophical Transactions, 1775, p. 353.—L, F. V.-H). 
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indispensable for ascertaining the sta-|little shutters one above the other, capa- 
bility of structures exposed to the wind.|ble of moving inwards under certain 
It is sufficient for this purpose to find | pressures of wind, being guided by lit- 
the greatest pressure that may occur in| tle rollers, and made to close again 
a given locality during a sudden squall. |against the external rabbets of their re- 
Rankine states about 55 lbs. on the|spective frames by springs or counter- 
square foot as the greatest wind-press-|poises with suitably gradauted power. 
-ure observed in England by anemometers | Lastly, each of these movable panels 
or dynamometers, which is confirmed | might be so arranged that the moment 
by the fall of chimneys and other build-|it began to open it should unhook a 
ings. However, a pressure of 61 lbs. on | signal which would bear evidence to the 
the square foot was recorded at Liver-| movement even after it had closed again. 
pool during the storm of the 7th of Feb-|It would suffice after each storm to as- 
ruary, 1868, and of 71 lbs. on the z7th of | certain, by a rapid inspection, which of 
September, 1875. the panels had yielded to the wind, and 
The violent storm of 1876, which over-|then whichever of these panels offered 
turned several chimneys in Germany,|the greatest resistance would measure 
was reckoned to have a velocity of 102) the pressure experienced. 
feet, and a direct pressure of 29.5 lbs.;| Of all engineering structures, suspen- 
but, taking into account the “non-press-|sion bridges are the most easily acted 
ure,” due to suction at the back face, it} upon by wind. Their primitive methods 
is estimated that the total resultant|of construction were defective through 
pressure on these structures must have | excessive flexibility. The accident which 
been a third more, and consequently | happened to the Roche-Bernard bridge 
equal to 39.3 lbs. per square foot. /on the Vilaine, on the 26th of Octo- 
The upsetting of a train between Nar- | ber, 1852, and the successive injuries to 
bonne and Perpignan, in December,|the Menai bridge in 1826, 1836, and 
1867, indicated a pressure of between 30 | 1839, may be cited as examples. The 
Ibs. and 50 lbs.; and other similar acci-|chains of the latter bridge, though 
dents with empty wagons on the same | clashing together violently, bore the 
railway in February, 1860, and January, | strain ; but a number of transverse pieces 
1863, indicated a pressure of from 25 lbs. | and suspension rods broke, and 160 feet 
to 33 lbs. No other partof France is|of flooring hung in the air in 1839. 
exposed to such violent storms; never-| According to the bridge-keeper, the 
theless, in considering the stability of| undulations of the roadway attained an 
light-houses, Fresnel allowed for the amplitude of 13 or 16 feet, and the 
possibility of wind-pressures up to 56) greatest deflections were observed at 
Ibs. |the distance of a quarter of the span 
It would appear that American engi- from the piers. It is evident that every- 
neers, for the resistance of bridges, as-| thing gives way in these irregular un- 
sume wind-pressures of 30 lbs. per|dulations, which are different for the 
square foot upon the loaded and 50 lbs.|chains and the roadway. The Menai 
upon the unloaded structure, although | bridge was strengthened by various 
certain local tornadoes in that country| means. The Roche-Bernard bridge was 
might have exerted forces amounting to | provided with a counter cable, curving 
as much as 84 and even 93 lbs.* upwards and placed under the roadway ; 
Instead of waiting for chance acci-|and notable progress has been achieved 
dents, which have to be investigated | in the design of more recent works. The 
after the event with inadequate data, it | Americans, in developing the principle of 
would be advisable to set up apparatus the stiffening girder, have also added a 
at once in certain meteorological ob-! series of straight and sloping cables com- 
servatories for registering the pressure |ing from the top of the piers and sup- 
of great gales. For example, a kind of! porting various parts of the roadway. 
case of pigeon-holes might be placed in| They have, moreover, in some large 
windows facing in a suitable direction, | bridges, anchored the roadway to the 
these holes being closed by a series of rocks by stays underneath, a method 
which is not free from objections any 


* Minutes of Proceedings Inst. C.E., vol. Lxiv., p. . 
352, and vol. Ixvi., p. 388. P| more than the parabolic counter cable 
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of the Roche-Bernard bridge, for the 
variations in temperature may at one) 
time loosen and at another time stretch 
these understays. 

In the Ordish system, as applied to) 
the Albert bridge, Chelsea, the upper | 
stays, starting from the tops of the piers 
and ending at various parts of the road- 
way, are connected with the vertical sus- | 
pension rods at divers points of cross- 
ing, which increases the total rigidity. 
Sometimes, as at the Lambeth bridge, 
rigidity is obtained by the introduction 
of cross bracing or diagonal bars be- | 
tween the suspension rods; or, as at 
Pittsburg, the chain itself is made rigid, 
assuming the appearance of two sloping 
lattice girders of variable height, and 
attached to their narrow extremities, at 
one end to each other in the center of 
the span, and at the other end to the 
tops of the piers. 

The great transversal inclination in 
certain bridges to the two funicular 
planes, by which the cables, spreading 
out at the tops of the piers, come to-| 
gether in the center of the span, affords 
a powerful resistance to lateral oscilla- 
tions. 

With these improvements the suspen- 
sion system, without losing its inherent 
lightness, is protected from irregular 
undulations when exposed to wind; so 
that the wind pressure merely acts on it, 
like on any other structure, in producing 
an increased molecular strain which has 
to be provided for by strengthening the 
parts liable to be affected. 

It is true that a great number of sus- 
pension bridges exist which were con- 
structed on the old flexible principle, | 
and have stood for many years; but) 
their preservation is doubtless due, in 
most cases, to their not having experi- 
enced the full force of the wind whirl 
ing under their roadways, owing to their | 
small height above the water, or other ' 
circumstances. The most exposed 
bridges are those which traverse deep 
and shut-in gorges at a great height. 

Wind has no effect on massive stone 
bridges; but every light bridge, whether | 
of iron or wood, although rendered | 
rigid, is liable to side strains, or small.| 
elastic vibrations producing molecular | 
deformations, upon which the conditions | 
of resistance of the material depend. | 


Though the motion of wind is gener- 
ally parallel to the ground, its action on 
the underside of the roadway may be- 


/come considerable, owing to the rebound 


of the wind from the bottom of ravines, 
which occasions the great danger to light 
flexible suspension bridges of being raised 
and falling again violently. When the 
wind, blowing in sudden gusts, lifts the 


| platform slightly, the platform falls again 


for a moment below its norma] level to a 
similar extent, so that the pressure of 
the wind from below produces eventually 
the same strain as if its action was 
added to the load. Accordingly, in 
special cases, where it might be possible 
to estimate at an appreciable amount the 
vertical resultant of a storm beating 
against the roadway of a bridge, it would 
be correct to treat it as an extra load on 
the bridge. 

The effect might be still more serious 
in a bridge with several continuous 
spans, for, as nothing could ensure the 
concordance of the oscillations of the 
various spans, it would be necessary to 
provide against the worst case of a 
pressure from above on certain spans 
aggravated by a pressure from below on 
certain other spans. 

Putting aside, however, these acces- 
sory or derived effects, let the wind be 
considered solely in its horizontal direc- 
tion, in which it displays its greatest 
power, and, knowing its force on a single 
solid surface, let an endeavor be made to 
calculate the force exerted on several 
open, or partly open, surfaces. 

Taking the case of a bridge consisting 
of two solid girders, though these gird- 
ers cover each other completely in a 
geometrical sense, yet the first, whilst 
exposed to the full force of the wind, 
does not completely shelter the other. 
Thibault experimented on two square 
screens covering each other, and placed 
at a distance apart equal to the length 
of one of their sides, and found that the 
wind pressure on the onescreen being 1,a 
total wind pressure was experienced on 
the two of 1.7 In the case of a bridge, 
the wind pressure cannot be so high, as 
instead of four edges there are only two 
at the most (when the platform is half- 
way up the girders), round which the 
wind can whirl and beat against the 
second surface; the coefficient of in- 
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crease in such a case, deducted from | 
the preceding instance, will perhaps 7? 
amount at most to 1.4. It would be re-| f th , 
duced to 1, and even less, if the girders will _ sum of the pressures experienced 
were connected by solid platforms at the | — 

upper and lower edges. Lastly, in the) (s— ko) 


case of a single platform, placed at the |? 
ko , k’o* 
(142+ + 


y. If there are » successive gird- 


top or the bottom, it would be perhaps | 
necessary to estimate the total lateral | 
pressure as equal to 1.2 time that which | 
the side directly exposed would experi-| 
ence. It is evident that if a train is on| =P 
the bridge at the time when the storm is | 
raging, the resistance that it offers to the| As the above calculation does not take 
wind aggravates the strains on the struc-| into account the wind which may come 
ture. ‘round the sides of the front girder, a 
Considering, now, the case of trellis| certain coefficient must be introduced, 
girders, each opening may be regarded | smaller than in the case of solid girders, 
as an orifice, with tbin sides, through | as some opposition is offered to the in- 
which a jet of air rushes; there will be | flowing wind by the wind passing through 


kn-1 onl 
——) 
s"® —k" on 
— 


some contraction of the fluid vein, and 
the side will experience a little greater 


resistance than the ratio between solid | 
If p denotes | 


and void would indicate. 
the wind pressure, s the whole surface of 


the side of the girder, o the open portion | 
of this surface, and & the coefficient of | 


contraction, the pressure on the girder 
will be p(s—ko). The value of &, ac- 
cording to D’Aubuisson, would equal 
0.65 for small orifices, but as it doubt- 


less varies inversely as the ratio of the) 


perimeter to the surface, which dimin- 
ishes as the dimensions increase, it may 


be assumed that & approaches unity in | 
However, | 
as its real value is not known, it will be) 
better to risk exaggerating it in the case | 


the case of large openings. 


under consideration. 
Suppose, now, that a second side ex- 


|the girder. Perhaps the coefficient 1.10 
would amply suffice in the majority of 
cases. 

Another process of approximate calcu- 
lation of the pressure of wind on a trellis 
girder has been employed by Mr. Nord- 
ling. He assumes that the filaments of 
air slant a little, se that those which 
pass through the openings of the first 
girder strike against the solid portions 
of the second. In this way a succession 
of trellises would finally act as a solid 
girder, when no openings are visible in a 
direction only slightly deviating from 
the normal. 

Having ascertained the lateral force 
exerted by the wind against the roadway 
of a bridge, it is necessary to calculate 
|the special molecular strain which it 
tends to set up, in order to add it to that 


actly similar is placed behind the first, it, produced by the permanent and moving 
receives the shock of the portion of wind | loads. In resisting the wind, the road- 
which has passed through. This wind! way acts as an imaginary girder whose 
may be considered to have been made flanges are the actual girders of the 
homogeneous by the whirling which oc- | bridge, and whose lattices are the hori- 
curs in the interval between the two zontal braces and wind ties. The re- 
girders, and to have a reduced force | sistance, moreover, offered by the irregu- 
| lar interlacing motion of the trains must 
be taken into consideration. Owing also 
|to the wind coming in gusts, thus caus- 
the amount of air which has traversed | ing a reaction, its effect on each girder, 
the first girder and the total original | whether tensive or compressive, must be 
mass. Consequently the second trellis | considered as added to the strain due to 


p@, according to the relation between 


will experience a pressure PEO (s—ka) 5 
and similarly the wind which passes 


through it will have its force reduced to 


rthe load, and in the case of several spans 
the most unfavorable condition must be 
| allowed for. 

| An arch has the advantage over a 
| straight girder of opposing less surface 
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to the wind in the central portion, whilst 
the opposite is the case with a bow- 
string. 

Two examples of iron arches, with nar- 
row roadways, spanning very large open- 
ings, are those of Oporto, on the Douro, 
which has a width of 14 feet 9 inches be- 
tween the parapets and a span of 525 
feet, and that of the Montereale, on the 
Cellina torrent, which has a width of 9 
feet 10 inches and a span of 272 feet. But 
these bridges are secured against the 
wind by special contrivances; the first, 
by giving a batter of 0.1164 to each face 
of the bridge, so that the distance from 
center to center of the arched ribs, which 
is only 12 feet 10 inches at the crown, is 
increased to 49 feet 24 inches at the 
springings ; the second by an external 
wind bracing, namely, by side buttresses 
coming from the haunches of the arch, 
and butting against the masonry at two 
points 27 feet 7 inches apart, whereas 
the distance between the arched ribs is 
only 9 feet 10 inches. 

Certain structures may be liable to be | 
wholly overturned by a gust of wind. | 
Iron superstructures are generally free | 
from this danger in consequence of their | 
weight, except perhaps during a danger- | 
ous stage in some methods of putting | 
them in place, especially if detached | 
girders are being moved. On the con-| 
trary, the iron piers of very high viaducts | 
need to be very firmly anchored in their | 
masonry pedestals, as Mr. Nordling has | 
pointed out in his memoir about various 
works on the branch lines of the Orleans 
Company. These kinds of piers are 
eventually strained as elastic braced 
structures fastened at their base and sub- 
jected at their summit to violent hori- 
zontal thrusts. On this account, instead 
of distributing their mass in a number of 
external and internal uprights, it is better 
to concentrate it at the angles in only | 

| 





four ribs connected together by cross- 
bracings. The anchorage at the base is 
rendered more economical, or more power- 
ful, by fastening buttresses to the piers 
near their foot so as to enlarge their base. | 
If the height does not exceed 130 feet, as 
for instance at the Bellon viaduct, the 
uprights may be curved outwards towards 
their base, so as to spread out without | 
the aid of special stays. It would be) 
equally feasible to secure the tops of high | 
piers by stays fastened near the top of 


the piers and firmly anchored to the 
ground ; but the system of buttresses is 
more esthetic, and is not liable to get 
loose. One of the high piers of the 
Bouble viaduct, Fig. 3, will serve as an 
example to illustrate, by an approximate 
process, to what severe strains such a 
structure might occasionally be exposed. 
Mr. Nordling has assumed the wind 
pressure at 55.3 Ibs. per square foot, 
without allowing for a train on the 
bridge, as, in his opinion, if such a 


Fig.3 
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storm ever burst upon these structusre 
the traffic would be suspended for a time ; 
and, moreover, the above pressure ap- 
pears to him excessive for the locality. 
Let, however, the worst possible case be 
considered by imagining a concurrence of 
adverse circumstances, the structure being 
in a very exposed situation, and the full 
fury of the gale suddenly occurring whilst 
a train is passing over. 

Taking only a half pier containing two 
uprights and the intermediate bracing, 
the span being 164 feet, crossed by two 
lattice girders 14 feet 9 inches high, 
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it appears that, allowing for the | ute to eh 2 | ony at each 
spaces, the wind, having a pressure of | of the points B,G, H, . . . I, situated 
55.3 lbs., would exert mg stress of | on ho cis which the wind strikes. The 
about 20 tons at a height of 196.2 feet; weights or vertical components are :— 
above the footings, which gives a moment | 
of 3,924. The pressure on the train is Fic.4 
16.2 tons, with a leverage of 210.3 feet, | 'Ss 
giving a moment of 3,407. Lastly, the| \y ie 
moment of the pressure of the wind on) \& 
the half pier amounts to 20 tons x 92.85 | \ 
feet=1,857. Thus the total moment of | 
overturning on the edge of the base is | 
9,188. The moment of stability due to| 
the loads is obtained as follows: taking | 
60 tons as the weight of the half span, | 
and 120 tons as the weight of the half | 
pier (the cast-iron cylinders being bal- 
lasted with concrete), and allowing 42.5 
tons as the weight of the train which | 
suffices to prevent its being overturned | 
by the gale, the total weight amounts to | 
2224 tons, and the half width of the base | 
being 33.8 feet, the moment is 7,520, | 
leaving a deficiency of 1,668. To pro-| 
vide for this the anchorage tie must| 
1,668 
676 > 24.69 tons. | 
Without the help of the buttresses the | 
width of the base of the pier would be 
only 24 feet 3 inches, instead of 67 feet 7 | 
inches, and the anchorage would be sub- 
jected to the great strain of 267 tons. 
In order to form a notion, not merely | 
of the strain on the anchorage, but of the | 
strain on the whole structure of the half) 
pier, a graphic illustration is given of the | 
polygon of forces, considering, for the) 
sake of simplicity, the imaginary case of 
an articulated structure. The lattice, | 
moreover, is hypothetically reduced to} 
the lines of Fig. 4, by omitting as well | 
the foot of the straight uprights, replaced | 
by the corresponding curved or polyg-| 
onal stay, as in each row of bracing, that | 
of the two diagonals which, exposed to| 
a wind from the left, would be strained 
in compression, and are considered to be | 
too flexible to offer an effectual resistance | 
in this way. : 
The re forces applied to the | —oP — — : 
various summits produce the following | Scale ,45. 
horizontal components. At the summit | 
A the whole force of the wind against the | 
beams and the train is brought to bear, | 
namely, a force of 40.04 tons obtained by | 51.25 tons at A, due to the loaded road- 
dividing the moment, 7,331, by the| way; the same weight at B increased by 
height, 183 feet, of the point A above the | a seuiion of he oie amounting al- 
base. The pressure against the half pier | together to 57.25 tons; lastly, in each of 


exert a tension of 
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the points G, H, . I and C, D, . . .|in projection all the wind pressures, is 
E, a vertical force of 6 tons. The re- equal to 60.04 tons. 

actions in equilibrium developed by the| The resultants at the different points 
base of support are: at K, the tension of consequently assume oblique or vertical 
anchorage, amounting to 24.69 tons as directions. The oblique resultants are: 





Fig.5 








calculated above, acting from the top to 
the bottom: in F, a vertical upward re- 
action equal to the total weight increased 
by the strain of anchorage, namely, to 
247.2 tons ; and a horizontal force acting 
from right to left, which, counteracting 


65.04 tons at A; 6.3 tons at each of the 
points G,H. . . . lof the left up- 
right ; and 254.4 tons at the point F of 
the right upright. The state of equilib- 
rium of the external forces is shown by 
a closed polygon in Fig. 5. Moreover, 
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this figure is completed by the addition arches, each of which was provided with 
or grouping of a series of other closed a temporary platform for the supply of 
polygons representing the respective materials. The staging was braced in 
states of equilibrium of the various sum-| various directions by iron wire cables, 
mits of the articulated system of Fig. 4, very tightly stretched and firmly an- 
under the influence of the internal and | chored. 

external forces acting on each of them.| When a structure rests withont suf- 
The inscription of identical numbers in ficient adherence on a fixed base, a 
Figs. 4 and 5, serves to indicate their lateral thrust would turn it over by de- 
connection ; thus, for example, the closed taching it from its support; but if its 
polygon 8, 9, 11, 12, 6.3 tons in Fig. 5! fall cannot be effected without some in- 
proves that the point H of Fig. 4 is in determinate or chance cleavage, the rup- 
equilibrium under the external force 6.3 ture will take place in an oblique and 
tons, the tensional strains of the bars downward direction B A, Fig. 6, because 
Nos. 8, 9, 12, and the compression of the 

bar No. 11, the intensities of the forces 

being measured by the size of the lines on | 

the diagram, Fig. 5. It will be observed | 

that the left side is in tension from G to 

K, the greatest tensional strain, of about 

190 tons, occurring on the portion No. 

34. With a cast-iron pipe having an ex- | 

ternal diameter of 1 foot 8 inches, and an | 

internal diameter of 1 foot 4 inches, this 

strain would amount to 1.9 ton per square | 

inch; but, as previously stated, the a certain triangular prism, BAC, pos- 


Bouble viaduct was constructed on the 
supposition of the maximum pressure 
being less. The compressive strain 


reaches 422 tons at the portion No. 40, | 


which would amount to 4.1 tons per 
square inch, but in reality the strain is 
less if the uprights are made complete, 
as shown in Fig. 3. 

Moreover, it is certain that the rigidity 
of the cast-iron columns and their bolted 
flange-joints must considerably modify 
the conditions of the problem. Instead, 


therefore, of merely comparing the pier | 


sesses a stable position, on account of the 
leverage of the weight being great, and 
that of the impact of the wind small, in 
relation to the axis of rotation. 
__ In reality, so long as the solid is not 
broken, the pivoting does not tend to 
take place on the extreme edge A, but 
| upon some neutral axis of the section of 
‘rupture AB; as in every prismatic body, 
subjected to a bending strain, fracture re- 
sults from the crushing of some por- 
| tions and the tearing of others. 
The direction AB being defined by the 


to an articulated system, each member of indeterminate CB=z2, the external forces 
which is considered to be free to deflect acting are, the weight of the prism 
in any way, as assumed above, it would| ABEF, and the pressure of the wind on 
be necessary, in a complete design, to| BE. «In calculating the combined effects 
study the transmission of force resulting | of pressure and flexure exerted on AB, 
from impeded deflections. |the chance of fracture would be investi- 

In certain mechanical structures, as,| gated from the position of the critical 
for instance, in swing bridges with short! point A or B. The first of these points 
tail ends, the action of high winds may|is the place of maximum compression ; 
stop or impede their motion without | assuming that it reaches the limit of im- 
actually producing any dangerous amount | minent crushing, an equation of ultimate 
of damage. resistance could be formed containing x 

High timber stagings, owing to their and the pressure p of the wind per unit 
lightness and the broad surface presented | of surface as the variables. ‘Then, by 
bytheir planks, are exposed to considerable | finding what value of x in this equation 
risks of damage by wind. An excellent | would make p a: minimum, the direction 
method for strengthening them was of rupture would be obtained, provided 
adopted at the Chaumont viaduct. which | that it is the point A where the disinte- 
is 164 feet high, and has three tiers of | gration begins. Such would be the con- 
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condition of a building very much strained 
by its own weight before the intervention 
of the wind. 

Under other circumstances, however, 
the point B might eventually be subject 
to a tension liable to prove more danger- 
ous, though smaller in amount than the 


pressure at A, owing to the material | 


being less able to bear tension than com- 
pression. 


with regard to the point B, which might 
lead to another value of x applicable to 
the case where the disintegration com- 
menced at this edge. 


Nevertheless, nothing indicates that. 


the fracture must be a plane surface. It 
might possibly slope somewhat in a homo- 
geneous body; and in a masonry struc- 
ture the fracture would run along the 
joists in some zigzag line; and these con- 
siderations limit the value of theoretical 
investigations. 

Another reason for avoiding putting 
down the equations is, that they would 
lead to the disputed question of ultimate 
resistance in the complicated case of a 
material opposing an unequal resistanco 
to tension and compression. With refer- 
ence to the practical and legitimate need 
of a method or formula of safety applic- 
able to the case in question, it is allow- 
able to start on the simplifying hypoth- 
esis, commonly admitted in investigations 
of the stability of masonry, of the ab- 
sence of cohesion, or neglect of the re- 
sistance to tension. If the line AB, what- 
ever its direction, is regarded as a pre- 
existing fissure, the initial effect of the 
gust of wind, instead of being a pivoting 
on some neutral axis, would be from the 
first a rotation on the point A itself, at 
least, if the slight crushing of the edge is 
neglected. If, for example, Fig. 6 repre- 
sents a wall with a rectangular base, the 
equation of actual equilibrium of rotation 


a += where II is the 


weight of a cubic foot of masonry. To re- 
main stable against a given wind pressure p, 
the wall must have a thickness a sufficient 
for the most dangerous value of z. 


It would be necessary, there- | 
fore, to examine the equation of rupture | 


| 
| 


1 4/ ph 
a 
‘square foot, and II=150 lbs. per cubic 
foot, the proper thickness would be a = 
0.65 /h, where a and h/ are in feet. 
With this value there would remain the 
cohesion, which has been neglected as a 
‘factor of safety ; and there would be no 
fear of the occurrence of extensions or 
of fissures, since, even with pre-existing 
fissures, the wall would not stir. If, how- 
ever, a greater degree of stability was 
requisite, it would suffice to increase a by 
‘an optional amount. 

An interesting instance of oblique rup- 
ture, caused, not by the wind, but by a 
stroke of the sea, occurred on the 8th of 
January, 1867, to the masonry tower 
beacon of “Petit Charpentier” at the 
mouth of the Loire. From an investiga- 
tion of this accident, Mr. Leferme arrived 
at the conclusion that the pressure ex- 
erted by the blow of the wave must have 
amounted to about 6,140 Ibs. per square 
foot. Mr. Thomas Stevenson, M. Inst. 
C.E., deduced some equally high press- 
ures from observations at the Skerry- 
vore rocks, which appear to be confirmed 
by the jets of water sometimes dashed to 
a height of 100 feet against lighthouse 
towers. Nevertheless, in most storms, 
and in most sea-coasts, the dynamical 
pressures exerted by the shock of the 
waves are generally estimated not to ex- 
ceed from 600 1,000 Ibs. per square foot. 
Even with this reduced value it is ques- 
tionable whether, in the case of light- 
houses and other structures in the sea, the 
wind pressure is not less dangerous than 
the shock of the waves. Taking the 
latter at 1,024 Ibs., and the wind pressure 
at 55.3 lbs. per square foot, and assum- 


If, for instance, py=55.3 Ibs. per 


Fig.7 








Now 


the value of x, which makes a a maxi-' 


mum in the above equation, is given by 
x —3h2+h?=0, or x=0.382A; and the 
corresponding thickness is a = 1.0705 


ing a tower to be immersed 13 feet (4 
/meters) in the water (Fig. 7), to what 
height would the tower have to be raised 
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for it to be in as much danger of being 
overturned by the wind as by the waves? | 
The sea in a storm would perhaps rise 8.2 
feet (2.5 meters) above its ordinary level ; 

and if the smaller pressure on the bottom | 
5 feet (1.5 meter) is neglected, the total | 
pressure on a height of 16.4 feet (5 
meters) would amount to 16,794 Ibs. 
With a leverage of 13.12 feet (4 meters) , 
the over-turning moment with respect to 

the base is 220,000. Now, supposing the | 


has its greatest possible degree of in- 


tensity, namely, that the wave rises 13.12 
feet above its ordinary level, and exerts a 
| pressure at the same instant of 6,144 lbs. 
on the whole height of 26} feet, the cor- 
responding moment of 2,116,000 could 


‘not be equaled by the wind pressure on 


a tower less than 277 feet. 
On the contrary, in the case of a 


| viaduct only opposing a resistance to the 


water at the lower extremities of its 


height of the tower to be 2, the portion | piers, whilst the wind beats upon the 
out of water will be exposed to a wind | | lofty superstructure as well as against 
pressure of 55.3 Ibs. (e—13), and the! ‘the piers, there is in all probability 
moment of this force, 27.65 (x’—169),|/ more danger to be apprehended from 
will only become equal to the former mo-|the wind. As to the conditions under 
ment when z reaches the height of 90}feet.| which the Tay bridge catastrophe oc- 


If the same calculation is repeated on | 
the assumption that the shock of the sea ' 


curred, the author is not in a position to 
discuss them. 





THE WATER-METER SYSTEM AND WATER METERS. 
By MR. JOHN COLEMAN. 
Abstract of a Paper read before the Society of Arts. 


SrEaM engines now pump millions of 
gallons of water through vast pipes, often 
spanning wide rivers, or rising over hills 
and sinking into vales, enabling water to 
be conducted under immense pressure. 
Gigantic reservoirs now exist, containing 
many days’ supply, and aqueducts of stu- | 
pendous proportions cross rivers at a cost | 
of millions. In the streets of cities mil- | 
lions more have been expended for the | 
great distributing pipes, until, to supply 
water for the necessities of life, the cost 
amounts to sums which seems almost 
fabulous. 

Notwithstanding all this expenditure, 
gallons are run off to obtaina single glass 
of water, pipes are left open in sinks and 
closets, while few reflect that every gal- 
lon brought into a city and forced to high 
buildings is sent there at the expense of 
the taxpayer. 





by American water corporations, which 
put a price per year to consumers and 
allow them to draw all the water they 


choose, the quantity per person has stead- 


ily risen until it has reached, in some 
cities, the incredible quantity of 150 gal- 
lons per day. 

Time after time, in many cities, the 
| public works have been doubled to cope 
with this increasing demand, but their 
limits have soon been reached, until water 
commissioners, in despair, have now se- 


/riously sounded the alarm. The public 


conscience has been appealed to, detect- 
ives and police have been sent from 
house to house in Chicago and other 
places, and fines and penalties have been 
inflicted to stop this waste, but all to no 
purpose. Every water report puts the 
waste at, at least, sixty per cent. 

The twenty-sixth annual report of the 


They do not comprehend that if five| Board of Water Commissioners of the 
gallons of water are wasted for the one city of Hartford, in which it states 
gallon really needed by all consumers the | that the average daily amount of water 
public works and the water taxes must be | used and wasted in Hartford is equiva- 
five times as large as is necessary. It is | lent to over one hundred gallons to each 
directly proved by the experience of Lon- | jand every person—a quantity which no 
don and Providence that about thirty | city in Europe approaches, and which is 
gallons per day per human being is am-| only equaled by two or three in our own 
ple to supply all real needs; but in con- | country ; that the cause of this waste was 
sequence of the system generally adopted |permitting the water to run in cold 
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weather to keep the pipes from freezing ; | more than others are entitled to who pay 
in summer, letting the water run to cool | _the same. 

it; from extravagant use of hose and} Apply to gas the same system that is 
lawn sprinklers during the hours pro- applied to water, and you would bank- 
hibited by the rules, and at all times rupt every gas company in existence. 


from water closets. 

The report states that it is imprac-| 
ticable to use water meters until one is_ 
invented which combines cheapness and 
a fair percentage of accuracy and dura- 
bility. The same report shows the result 


of an investigation of this waste in the | 


case of the average dwelling-house in St. 
Louis, occupied by a family of six per- 


sons. The amount of water was meas- | 


ured, when used in the ordinary way, and 
found to vary from 1,310 to 1,903 gal-| 
lons per day. The amount consumed | 

was then measured, when care was taken 
that there should be no waste in the 
closet, and found to be 758 gallons per 
day. Subsequently the water was meas- | 
ured, when, as stated by a member of | 
the family, a very free use of water was 
made, only ordinary care being taken to | 
prevent its wasting, and the amount con- | 
sumed was found to vary from 433 to | 


464 gallons per day. On the other hand, | 
one day an account was kept of the) 
amount actually consumed for useful pur- | 


poses, and it was 178 gallons. 

The evil of enormous waste is not one | 
of mere dollars and cents, for water works | 
are depended upon against great con- | 


|Many people would never trouble them- 
selves to turn off the gas, but let it burn, 
if it costs no more whether it burns or 
not. 

| The remedy for existing abuses is to be 
‘found in making users responsible by 
measuring the water used through proper 
water meters. Then, if they wish to 
waste it, let them pay for it. The result 
would be to cut down the waste of sixty 
per cent., and this would be equivalent to 
doubling the water works. 

In answer to the objection sometimes 

urged against reducing the supply of 

| water to a reasonable basis, “ that we must 
let the water run continually in many 
_ cheap buildings to prevent freezing of the 
pipes,” he said that when men ‘put up 
shambling tenements to make a large re- 
turn upon a small outlay, it is unjust to 
force the rest of the community to pay 
| for the tenement man's meanness. 

The constant cry of the demagogue who 
calls himself a practical man is, “ Don't 
stint the poor man!” But I do not wish 
|to stint any one. Ascertain how much 
lis actually needed, and then double it, 

but stop the waste somewhere. 

He advocated the plan of having the 


flagrations. But, with the present dis-| city put one or more main meters on each 
tributive pipes in the streets, we cannot | house, and then let the owner of a tene- 
let this waste continue and still maintain | ment house put one upon each tenant, 
an effective fire pressure for hydrants, | and said that there are always a few diffi- 
even though we had an indefinite quan- | ‘culties in the way of any improvement, 
tity in our reservoirs. The pipes are too | but they disappear before the light of ex- 
small so long as everybody is drawing ad | perience. 
libitum from them. You cannot play| The only important argument against 
streams forty feet high from the hydrants | the adoption of a general water-meter 
in many parts of this city. system has hitherto been that no meter 

The hotels and large manufactories | has been found sufficiently reliable under 
use enormous quantities of water, mainly | all circumstances to be depended upon. 
legitimately, but if thousands of private|This has been, in the muin, true, as 
users are running three gallons to waste | proved by experience. 
for every one gallon really used, these} In Providence, where water meters are 
hotels and manufacturers are unjustly | used, it is found that thirty per cent. of 
compelled to pay more than double what| them must be repaired every year, and 
water ought to cost, and more than/that the coming meter has not yet ar- 
double what everybody else is paying. | ‘rived. 

The cause of all this is that city coun- Water meters in use, up to this time, 


cils, in selling water to the community, | 

do not make each person pay alike 

for the quantity used, and at the cheap- 

est rate, and prevent him from getting 
Vor. XXVII.—No. 3—16. 


are constructed upon two principles—the 
piston and the rotary; but in both cases 
we are trying to make a tight vessel in 
which to measure water by the mere con- 
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tact of two pieces of metal in movement | 
against each other. In both cases the) 
impinging or sliding of two surfaces of 
metals against each other is involved, and | 
when two surfaces of metals rub together, | 
especially if there be mud or grit be- 
tween them, as is liable to be the case in 
water meters, they wear leaky. | 

It is not practicable to remedy this by 
means of nicely-adjusted springs and | 
rings which require skill to keep them in 
order, as a water meter must be left to) 
itself in exposed situations; hence, the 
entire system of piston and rotary me- 
ters is fundamentally wrong in principle. 

He next proceeded to sum up the req- 
uisites for a water meter, stating that 
they should be: 

First. It must not wear or corrode, so 
as to allow water to pass through it un- 
registered. 

Second. Its action must not be affected 
by mud—a terrible element for water 
meters. 

Third. It should not let water that 
has once passed through it into the house 
pipes return again to the street mains, to 
the loss of the consumer. This is a fault 


with nearly, if not quite all meters in 


use. You can see how it affects the con- 
sumer, say in New York, and even in this 
city in certain localities, where, after ten 
o'clock in the morning, when everybody | 
is drawing, you cannot get water above 
the second story of the buildings in such 
district. At night the water mounts 
higher to fill the pipes, and is registered, 
then descends and remounts, and is 
registered with every variation in press- 
ure ; consequently, a certain large per- 
centage of water is registered over and 
over again. 

Fourth. A water meter should have no | 
stuffing boxes or gearing to wear out and 
get leaky, nor springs or cranks which 
corrode and get out of order. 

Fifth. It should not make objectiona- 
ble noise or produce concussion in the 


pipes, as the pipes, when suffering them- | 


selves from constant shocks, also conduct 
the noise over the house. 

Sixth. It should be able to withstand 
the rudest shocks and violent changes. 

Seventh. A water meter should present 
but the smallest obstruction to the flow 
of water. There are many meters in use 
which reduce the flow of water from ten | 
to forty-five per cent. | 


Eighth. It should deliver water with a 
smooth and even flow—an absolute con- 
dition where fountains or motors are de- 
sired. 

Ninth. The expense for maintenance 
must be trifling. 

Tenth. The parts must be simple, dur- 
able and cheap. 

Of the hundreds of attempts to pro- 
duce a good water meter, no more than 
half a dozen have been found to approach 
in practice anything like success, and 
only two or three have been found by 
water boards to be worthy of adoption. 
But the city of Providence finds that 


thirty per cent. of all the meters were 


taken out and repaired during the year, 
and the Chicago report says that one 
thousand piston meters cost $17,000 for 
repairs in nine months’ time, thus show- 
ing that the best types of meters thus 
far employed were unsatisfactory in du- 
rability, requiring great expense for re- 
pairs, and causing great annoyance to 
consumers by interruption of supplies. 
They have also been very inaccurate, 
over-registering and under-registering 
under various pressures. 

Mr. Coleman next explained the reasons 
why these imperfections should be ex- 
pected in piston or rotary meters, and 
then. said : 

The true principle upon which a real 
water meter depends seems to me to be 
contained in a quart pot. It is a tight 
vessel ; you fill it and empty it, refill and 
empty, and there you have an exact 
measure. If you have an india-rubber 
bag, and fill and empty it, you have the 
same principle of exact measurement. 

The Spooner diaphragm meter is con- 
structed on this principle. It is formed 
of two chambers, the upper one contain- 
ing the valve mechanism, and the lower 
one actuating the diaphragm and discs. 


|The valve shaft, which passes through 
the valve chest, carries three valves, the 


center one being double faced. The 
valve chest is divided into three compart- 
ments, with four parts; thus, at each 


movement of the valve shaft, two ports 


are closed and two are opened, admitting 


the water to the measuring chamber on 
one side of the diaphragm, and allowing 


the water on the opposite side of the 


diaphragm to passout of the meter. The 


lower or measuring chamber is divided at 
the center by a diaphragm of india rub- 
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ber, moulded into concavo-convexed|/2. The water was permitted to drop 
form. | slowly from the outlet for fifteen hours, 
The edge of the diaphragm makes the and at the end of that time we found six 
packing between the two castings form-| cubic feet of water in the tanks, and six 
ing the chamber. On each side of the| cubic feet were registered on the dial. 
diaphragm there is a perforated disc, |The Water Department reported a varia- 
with the edges curved backward, so that | tion of about two per cent. under a very 
all wear of the diaphragm against the | small flow, but this is readily accounted 
dise is prevented. On the back of each for by the air contained in the water. 
dise there is a projection which rests on| In addition he presented the opinions 
a stud, which is fastened to the shell of | of other water engineers in its favor, and 
the meter, the dise sliding forward and | then said: If we have succeeded in pre- 
back, moving in its action the lower end | senting any arguments which have con- 
of the levers. vinced you that the water-meter system 
On the outside of the casting forming |is the proper method of selling water, I 
the upper chamber is placed the register- | trust you will believe, as I do, that the 
ing mechanism, actuated by one end of a meter invented by Mr. Spooner is an in- 
lever that enters a recess in a horizontal | strument upon which municipal corpora- 
moving bar; the other end of « lever en-| tions may safely rely for accuracy and 
ters the chamber, and is worked by the | thorough durability, as well as for all of 
moving parts of the meter. The water | the good qualities which are indispensable 
enters from the supply pipe into the up-|in a water meter. 
per compartment, and passes thence| In answer to certain questions, Mr. 
through an open port to, say, the right- | Coleman said that the diaphragm is com- 
hand side of the diaphragm, which it | posed of pure rubber without any fabric, 
moves slowly towards the left disc, fore-| and hence is very durable. Any mud or 
ing it against the lower end of the valve | sand that might accumulate is washed off 
lever, thereby reversing the position of by the water, since the diaphragm and 
the valves and changing the flow of water | the valves are vertical. The points that 
to the other side of the diaphragm, when | have to exert thrust are bushed with hard 
the operation of the moving parts of the rubber and brass to prevent rust from 
meter exactly reverses. While the water | blocking up the joints. They have been 
is passing into the measuring chamber | carefully testing it thus far, wishing to 
on one side, precisely the same quantity | be sure that it was accurate and durable 
of water is being discharged from the! before asking corporations to adopt it, 
opposite side of the diaphragm, the flow|and the last patents were secured only 
being smooth and without interruption. | four or five months ago ; but the tests to 


The meter discharges a uniform measure 
of water at each movement of the dia- 
phragm under any variation of pressure. 

Mr. Coleman claimed that this meter 
possessed the requisites for a water meter 
which he had already enumerated, and 
then said: It may be proper to say that 
my attention was called to this meter on 
my return to this country last autumn, 
and a request made that I should ex- 
amine it professionally as a piece of 


\which the meters have been subjected 
have been of extraordinary severity. He 
also stated that one of the meters con- 
\structed during the experimental stage 
| of the invention has been in constant and 
successful use in Syracuse, N. Y., during 
the last six years. 


—.-—___ 


Recentiy, says the Engineering, the 
firm of Sir W. Armstrong & Co. has sub- 





mechanism. I did so, but insisted upon | mitted for trial a breech-loading gun hav- 
making a series of trials before giving a | ing a peculiar construction. The whole of 
report upon its merits. Through the | the piece in rear of the trunnions is built 
kindness of the Water Board of Boston, |up of steel wire, over which is shrunk 
we gave it long and exhaustive trials; ordinary yet thinner coils of great te- 
and subjected it, among others, to the | nacity. It is said to be capable of bearing 
following unusually severe tests: an explosion of 300 lbs. of slow-burning 
1. The rapid opening and shutting of | service powder. Although the weight of 
the supply cocks under a full head of|the gun is only 21 tons 4 hundred- 
water made no difference in its accuracy. | weight, it has a bore of 10.238 inches. 
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DISCUSSION ON THE ANALYSIS OF POTABLE WATER. 


By CHARLES WATSON FOLKARD, Associate Royal School of Mines. 
From Proceedings of the Institution of Civil Engineers. 


II. 


analysis, which he had himself dealt with 
at considerable length elsewhere. The 

Dr. Trpy said, in discussing the ques-|author had stated that chemists were 
tion of water supply, it was important to | “powerless to help the sanitarian in dis- 
grasp its many-sidedness. When it was |criminating between wholesome and un- 
desired to supply water to a town, various | wholesome water.” Dr. Tidy did not 
possible sources were selected, and sam- | pretend to say that the chemist could do 
ples were sent to a chemist, whose duty | everything, but he maintained that, given 
it was to analyze them. It was not for/a reliable analysis of water, the chemist, 
the chemist, however, to say whether the|or rather the sanitarian, was able to 
water was pure or impure. To him, | speak with almost unhesitating certainty 
pure water was hydrogen and oxygen, |in bringing it to bear on the sanitary 
nothing else. To him, 1 cubic inch of| question. What were the means by 
dissolved gas, or 1 grain of dissolved | which to arrive at a true chemical knowl- 
matter, were impurities. The chemist| edge of the composition and properties 
had only to say what was the composi- | of water? He admitted, with the author, 
tion of the water submitted. From the|that the varieties of organic matter in 
chemist it passed to the sanitarian, the| potable water were somewhat numerous; 
medical man, whose view of the subject | chemists therefore, did not conduct a 
was essentially different from that of the| water analysis with the same certainty 
chemist. With the analysis in his hand,|as they did a quantitative analysis 
he had toask himself if the water was|of a body, with the exact con- 
likely to be a proper one for the supply|stitution and composition of which 
of the town for which it was proposed. | they were familiar ; but considering that 
He could not experiment with the water, | two out of the four processes described 
but he endeavored to ascertain where | in the paper, vastly different as they were 
waters of a similar kind had been sup-|in their action, closely agreed in their 
plied, and what had been the result.|results, he thought the public might 
That was the medical aspect of the ques-| reasonably have some faith in these as 
tion. It then passed to the engineer. It | a means for estimating the organic matter 
having been decided that the water was|in potable water. As he had shown be- 
good, the engineer asked himself, “Is | fore the Chemical Society, with reference 
there sufficient to supply the town, Rr nearly two thousand cases of water 
are the conditions such that it can be de-| analysis treated by the combustion proc- 
livered at a moderate cost?” That was | €SS of Dr. Frankland, and by what Dr. 
the engineering aspect of the question. | Tidy had called the oxygen und others 
It was essential to his purpose to separ-| the permanganate process, the actual re- 
ate these three. In criticising the paper, | sults were as nearly as possible identical. 
perhaps somewhat severely, he might be A report would shortly be issued by him- 
permitted to say that he had had some/self, Dr. Odling, and Mr. Crookes, on 
experience in water analysis. Without; London water. No fewer than three 
reference to the time during which he} hundred waters had been examined by 
had been in practice for himself, he had, | both these processes, and by means of a 
during the many years that he had as-|series of wave diagrams it would be 
sisted the late Dr. Letheby, made nearly| shown how closely they agreed in the 
four thousand analyses of water with his|story they had to tell. The author's 
own hands; and as a medical man he had | statement that the chemist was powerless 
also had something to do with the sanitary | to help the sanatarian was a very strange 
aspects of the question. He would not | one, coming fromachemist. What were 
discuss the various processes of water | the reasons he assigned for this power- 
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lessness? In the first place he stated | streets, &c. Taking the total flow of the 
that “it is an ascertained fact, proved | river at 500,000,000 gallons, and suppos- 
beyond possibility of doubt, that mere | ing that the water is perfectly pure when 
dilution, how far soever it be carried, | it reaches the town, there will be a mix- 
does not render inoperative the specific | ture of 1 part of sewage in 500 parts of 
action of living germs” (p. 11). His|clean water, for the inhabitants of the 
second reason was that “the germs|next town to drink. Take now an in- 
which cause or accompany disease are en- | fected liquid and add 1 part to 500, or 
dowed with the most persistent vitality, | even to 500,000 parts of liquid suscepti- 
and are capable of withstanding heat, | ble of infection. The mixture will swarm 
cold, moisture, drought, and even ciemi-| with lop organisms and become putrid in 
cal agents, to a marvelous extent” (p.|few days, provided only the conditions 
12). That was all very well, but where | are favorable” (p. 13). Then he asked, 
were the germs? In only three diseases, |“ What may be expected to happen to 
pig-typhoid, remittent fever, and splenic | the unfortunate inhabitants of the lower 
fever, had anything of that nature been | | town? Simply this, that the strong and 
detected. No such thing as a typhoid | healthy will have sufficient vitality to 
germ had been discovered. One could | | throw off the poison, but the weak and 
no more analyze a water for the germ | sickly will succumb, inoculated by the 
of typhoid, than one could analyze | dejecta of zymotic patients in the upper 
the brain for an idea. Not only,|town.” “The above,” said the author, 
however, did the author speak of germs | “is no fanciful picture.” Fanciful was 
as though they were tangible, but | not the word for it, and he hardly knew 
he had fixed the conditions of the life|a word to express it, but certainly a more 
of a thing the very existence of which | far-fetched picture, a more unbridled 
had never been proved. As to whole- | effort of the imagination, he had never 
someness, the author expressed his be-|come across. He wished to ask the 
lief that the only safe test was by trac- | author to explain how it was that, in the 
ing the water to its source. What|case of towns affected with cholera on 
source? He doubted whether there was the banks of rivers, having regard to the 
a particle of water in creation that had period at which the outbreak of cholera 
not passed through an animal body once | occurred in those towns, the disease had 
or more. For himself, looking at the|invariably gone up the river and not 
subject as a medical man and as a chem-| down. He challenged the author to pro- 
ist, he believed the true test was not|duce a case in which the passage of 
what the water was, miles off, but what | cholera had been without a break down 
it was at the place at which it was pro- a river. The only case given in the 
posed to be taken for supply. That was | paper of injury from river water was one 
the practical method of testing it, and it|in which the experiment of drinking 
was « method always adopted in other | polluted water had been tried on the in- 
matters. Engineers should not trouble! habitants of a town in Surrey. He 
themselves about what the water was 50| thought he knew the town to which the 
miles off, or fifty years ago, but consider | author referred, and if he was right in 
what it was at the time and the place | his presumption, the case was one in 
where it was proposed to take it. The! which he had been himself consulted 
author, naturally, with his views, con-| professionally, and he believed also Dr. 
demned all rivers. He did not mince the Frankland. They had both written a 
matter, but said, “ This will at once con- | report, and he was prepared to show if 
demn all rivers flowing through a popu-| necessary, that the illustration in ques- 
lous country” (p. 12). And he added, by tion had nothing whatever to do with the 
way of illustration, “ Take, for example, | subject. The author had further stated 
the case of a river with a town of 50,000 that there was not the least evidence 
inhabitants on its banks. If supplied|to show that foul water was rendered 
with water at high pressure and sewered, | wholesome by flowing 50 or 100 miles. 
the amount of foul water discharged into| Dr. Tidy maintained that a distance of 
the river will be about 1,000,000 gallons | 10 miles was sufficient for the self-purifi- 
daily, irrespective of the rain- fall, which | cation of water under proper conditions. 
will bring with it the washings ‘of the| A few weeks ago Dr. Dupré and himself 








230 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





had seen a wonderful illustration of the 
self-purification of water within a very 
much shorter distance. Turning to the 
sanitary aspect of the question, he would 
remind the members that in England 
there was a large number of towns sup- 
plied with well water, and a large number 
supplied with river water. He had taken 
the death statistics for ten years of thirty- 
six of the largest towns in England, 
eighteen being supplied by deep well 
water, and eighteen by river water. The 
eighteen towns supplied by well water 
had a population of 889,340, and the! 
eighteen towns supplied by river water | 
had a population of 911,742. The aver- 
age death rate of the towns supplied by 
wells was 22.72 per thousand, and the 
average death rate of the towns supplied | 
by river water was 22.66 per thousand. 
In fever and some cther diseases there 
was (except in certain cases that could 
have nothing to do with the water) a 
decided advantage on the side of rivers. 
It might be said that he had taken a) 
number of towns indiscriminately and) 


lade, where the Thames first assumed 
the condition of a river. That water 
purified itself in a running river he was 
as certain of as he was of his own exist- 
ence. And this self-purification was 
effected first by the process of subsi- 
dence, the solid matter in the water being 
carried down; secondly, by the process 
of oxidation (the oxygen being partly 
derived, no doubt, from the air, and 
partly from plant life); thirdly, by the 
action of fish, He had no doubt upon 
that point,and he spoke with a knowl- 
edge of many of the important rivers in 
England and Ireland. In conclusion, he 
desired to ask the author a few questions. 
First, admitting the complexity of the 


organic matter in potable water, and that 


the true test of the value of different pro- 


cesses for its estimation was consistency 


in their results, had the author ever at- 
tempted to prove or disprove such con- 
sistency ; and, if so, could he favor the 
institution with the details of those ex- 
periments? Secondly, admitting his 
theory of rivers being such important 


mixed them up together. To meet that|agents in spreading disease, would he 


observation he had examined the death | explain how it was that in outbreaks of - 
statistics of London, as Mr. Baldwin|cholera where towns had been affected 


Latham had done. He had gone care-|along the banks of a river, the order of 
fully over Mr. Latham’s figures, brought | attack had been invariably up the river, 
them down to the latest date, and elab-' and not down? Thirdly, would he ex- 
orated them somewhat more fully. Lon-| plain, in view of his alarming picture, 
don was supplied by eight companies, | how it was that towns supplied with 
five of which derived their supply from | river water showed no greater general or 
the Thames, one from the Lee entirely,|zymotic death rate than towns supplied 
and one from the Lee and from wells| with deep well water; or if he stated that 
(the New River Company), and lastly, which was not true, would he bring for- 
one that derived its supply exclusively | ward facts to contradict it? Would he 
from deep wells in the Chalk. The death | explain, further, how it was that in Lon- 
rate for ten years of parts supplied by|don the parts supplied by the Kent 
river water was 21.57, whilst that of Water Company showed an almost iden- 
the places supplied by deep chalk wells | tical general and zymotic death rate with 
was 21.48. He had gone through the|those supplied by the waters of the 
various diseases, and had found that Thames and the Lee? Fourthly, admit- 
while certain diseases, such as croup|ting that there might be germs in run- 
(which he thought could scarcely be | ning water, could he adduce any evidence 
traced to water), appeared to be a little} to show that under natural conditions of 
more prevalent in the river districts, cer- flow and contact with oxygen they were 
tain other zymotic diseases were some- not amenable to the same laws as organic 
what in excess in the districts supplied matter generally? He would only say 
by wells. It had been proved before the|that if the chemist desired to gain the 
Duke of Richmond’s Commission by the| respect of the engineer or of the sani- 
experiments of Dr. Frankland and Dr. | tarian, he must not indulge in far-fetched 
Odling jointly, and these experiments | and fanciful theories or hypotheses, but 
had been since repeated, that at Hamp-| confine himself strictly to the arena of 
ton the river contained if anything less facts. 

organic matter than the water at Lech-| Dr. Taupicuum said when important 
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questions were concerned, and one had / with distilled water, and allowed it to 
a strong conviction to state, it was not|stand a certain number of hours. He 
easy to find a form in which to make that | then analyzed it, and found what he ex- 
conviction acceptable. Nevertheless, he | pected, that this distilled water had as- 
hoped to make himself intelligible on|sumed, with regard to organic matter, 
some of the main points which he de-|the properties of Thames water. He 
sired to illustrate. He congratulated | therefore maintained that the analysis of 
the author on having made on the whole | water, with reference to the quantity of 
a clear, succinct, and practical statement. | organic matter contained in it was, hy- 
No doubt it required on his part a great gienically speaking, of no value. The 
deal of courage as a chemist to come next point to which he desired to refer 
forward and tell his brother chemists | was the bearing of the results of biologi- 
that they were groping in the dark, and | cal and microscopic research on the sub- 


that their analyses were valueless. If 
chemical analyses of waters were to be 
discredited, Dr. Thudichum would feel 
much regret; but there was a great deal 
of truth in what the author had said. It 
had been stated by Dr. Tidy that he had 
latterly come tp the conviction that Dr. 
Frankland’s analysis of water was as 
good as his own. If the members had 
been present at the meetings of the 
Chemica] Society, when that matter was 
discussed, they could hardly have be- 
lieved what had since taken place. 
Neither having convinced the other as to 
the uselessness of his particular mode of 
analysis, they at last became friends, 
and said to each other, “ Your analysis is 
as good as mine; let us embrace and be 
friends.” What did those analyses mean ? 
They ascertained that a certain amount 
of organic matter was present in water 


ject under consideration. That led to 
the point on which the whole argument 
oscillated. Under what circumstances 
| was water wholesome, and under what 
circumstances was it unwholesome? 
There might be waters which contained so 
/much inorganic matter as to cause di- 
arrhoea, but such waters would be so un- 
palatable that they would not be drunk. 
On the other hand, there might be 
_waters perfectly clear and palatable in 
which the chemist would discover no 
‘appreciable amount of organic matter, 
‘and yet they would carry death where- 
ever they were consumed. That was the 
| biological aspect of the question, and in 
regard to that aspect microscopic art was 
|just as impotent as chemical art to de- 
tcrmine whether water was wholesome 
‘or not. Then what test could be ap- 
plied to ascertain the fact? There were 


intended to be drunk, but they showed | various tests, some of which had been 
no more. The organic matter, for ex-|unpremeditated. For example, when in 
ample, contained in Thames water could the East of London cholera swept along 
not be shown to be noxious to health. | the river Lee and attacked twenty thou- 
Chemists had not shown at what par-|sand persons, that was an experiment on 
ticular concurrence of conditions they a large scale. When again in the South 
were to begin to consider water injurious |of London two companies rivaled each 
which contained a certain amount of or-| other which should proceed in the most 
ganic matter, and under what circum- successful way to distribute cholera 
stances it was to be considered whole- amongst their consumers, as in 1848 and 
some. Waters taken from sources like | 1854, other examples were made on @ 
rivers always contained organic matter, large scale. If another example was re- 
because they were always flowing over quired, showing how water might be con- 
large surfaces clothed by vegetation, taminated without microscopists dis- 
living or dead, and under all circum- covering it, the case of the poisoning of 


stances there was a certain amount of|Caterham Well might be taken, by means 


dead, organic, vegetable matter present|of which three hundred and fifty-two 
in watercourses. How innocent the | persons contracted typhoid fever, be- 
organic matter of the river Thames was | cause a small amount of excrement from 
he had proved in this way. He had sent|a sick person who was allowed to work 


to the places where the water ee pert the well got mixed in the water. 


took their water, and caused to be col-| Under such circumstances it was neces- 
lected a large amount of organic matter, | sary to see with an eye which was not mi- 
carried it to his laboratory, infused it! croscopic, and to applya certain argument 
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which was not chemical, but which was | 
hygienic or medical. Water might be| 
bright and brilliant, and yet contain the) 
germs of death in it. It was well known 
that things might have organs and a) 
certain chemical composition, and yet. 
not be visible to the eye. Take the case | 
of a minute drop of blood; put it on a) 
microscopic slide, and add water to it. 
All the corpuscles were before seen to be 
red, and their shapes were distinguish- 
able, but after the addition of the water | 
the coloring matter was withdrawn, and | 
no power of the microscope could make 
them visible. Here was a case in which 
an organized body of the diameter of 
avsy Of a milimeter could be rendered 
invisible, and how much more might that | 
be ‘oar case with a body having perhaps 
not ;;°;> part of the diameter of a blood 
corpuscle? He referred to those germs 
which in the last thirty years had been 
proved to exist as the causes of zymotic | 
diseases. He would refer, as an illustra- 
tion, to the germ of the fowl-cholera. 
It was as distinct a germ as could be 
made out, visible under the microscope, 


having spores, still minuter particles, 
which were to the bacterium as the seed 


was to the plant. If those germs were 
preserved for a certain time in a closed 
tube, a cloud would at first be seen, but 
as the oxygen in the tube was removed | 
and consumed, the germs assumed a dif- | 
ferent shape and appearance ; they were 
lost to sight altogether. How were they 
to be found out? Not by the micro- 
scope, not by chemistry, but by taking 
a needle and dipping it into the liquid, 
which was perfectly transparent, and 
then inserting it in the cutaneous tissue 
of the fowl, and in a few days the fowl 
would be dead. It was impossible to} 
experimentalize with water merely, so as 
to show whether it was wholesome or | 
not.: What then followed? What hy-| 
gienists had always maintained, that) 
water should be taken from natural | 
sources which were neither contaminated | 
nor contaminable, and those should be, 
the only sources of drinking water for 
communities and individuals. Could this | 
proposal be carried out? Of course it 
could. In the neighborhood of London, 
for example, taking a circuit of 30 miles, | 
100,000,000 gallons of spring water could | 
be found running every day, which | 
would be amply sufficient to supply the | 


culinary and drinking wants of London. 
In the neighborhood of Hertford, for in- 
stance, there was a spring yielding 
10,000,000 gallons a day. It ran into 
the river Lee, and there would be no 
practical difficulty in taking it out of the 
river, and sending it direct to London, 
without allowing it to be contaminated 
by dung-boats and all the filth that ac- 
cumulated in the river. The citizens of 
London, who first attempted to supply 
the city with water, did not go for river 
water, but for spring water, and it was 
for the conduction of spring water to 
London that they got their first Act of 
Parliament. In like manner, engineers 
should set about it now, everywhere get- 
ting all the spring water they could to 
supply towns. They would find in every 
neighborhood a sufficient supply to sat- 
isfy the public wants. London, of course, 
would require a double supply, according 
to the proposal worked out by Sir 
Joseph Bazalgette, Mr. Easton, and Sir 
F. J. Bramwell, a proposal which had 
his greatest admiration. It should not 
be imagined that because it was strange 
it was unparalleled. In fact an example 
might be found in a town having much 
more limited means than London. He 
held in his hand a report by the Govern- 
ment of Wurtemberg on the public 
water-supply of that kingdom, a king- 
dom which he believed was at the head 


of civilization in regard to that question. 


In the capital, Stuttgardt, there were two 
supplies, one of common water for water- 
ing the streets, filling baths, and flush- 
ing closets, and another for drinking 
and cooking. Numerous instances might 
be cited from that report of the care 
taken to supply even the lowest classes 
of the community. Even the villages on 
the highest mountains in the Raue Alb 
were supplied with excellent spring 


water, to the extent of 60 liters per head 


per day. It was pumped to the height 
of 310 meters, and the pressure in the 
pipes was 75 atmospheres. If a small 
village of that kind could be supplied 
with pure spring water, would not the 
richest town of the richest nation in the 
world be able to get the same security 
against disease? The dangers threaten- 
ing were very great. Perhaps not once 
|in ten years would a river carry disease 
|massively in its water, but if it did so 
‘once in a century it should be provided 
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against. The water from the downs of 
Hampshire came filtered through hun- 
dreds of feet of chalk. It was of the 
greatest purity, cool, and having no or- 
ganic contamination of any kind, and if 
it were taken through pipes to the con- 
sumer in London, under a system of 
constant suppiy, all danger would van- 
ish; but if the towns continued to be 
supplied with water from rivers, there 
would certainly be, on some occasion or 
other, a failure of filtration, the intro- 
duction of disease, and a repetition ofthe 
fearful and melancholy lessons of the last 


thirty years, during which one hundred | 


thousand people had been crippled, and 
not less than twenty thousand had died 
from poisoned water. With the qualifi- 
cations he had mentioned he had fuily 
agreed with the author, and thanked him 
for having afforded an opportunity of 
discussing so important a question. 

Mr. Homersuam said for more than 
thirty years he had been in frequent 
communication year by year, with analyt- 
ical chemists and microscopists in re- 
spect to the examination of water from 
different sources, to make selections for 
the supply of water for drinking and do- 
mestic uses. Many of those men, some 
of them personal and intimate friends of 
his own, as Clark, Graham, Lankester, 
Miller, Newport, Ronalds, Thomson, and 
Ure, were no more. From frequent 
communication with these, and still more 
frequent communication with others who 


remained, and from experience gained in | 
‘animal. 


designing and carrying out various 
works for the supply of different towns 
and places with water for domestic use, 
not only in the United Kingdom, but on 
the Continent of Europe, and places 
more distant, he was pretty familiar with 


what had been urged for and against 


waters derived from different sources. 


He made that statement to ask for in-| 


dulgence, in case he should appear to 
speak somewhat dogmatically. With re- 
gard to the paper, it appeared to him 
that the word “ previous” in the title 
had been unnecessarily added. For 
practical purposes, the point to be de- 
termined was the amount and the qual- 
ity of sewage or other present injurious 
contamination, if any, in water for pot- 
able and domestic uses. Such water 
should be (1) at all seasons clear, trans- 


‘fur in boilers or tea-kettles. 


bulk, pure blue, that being the atau 
color of uncontaminated water; (2) well 
aerated, holding in solution from 7 to 8 
cubic inches of air per gallon, consist- 
ing of 2 or more cubic inches of oxy- 
gen and 6 of nitrogen; (3) it should 
have at its source a uniform temp- 
erature equal to the average of the 
climate for the year, which in this coun- 
try varied but little from 50° Fahren- 
heit ; (4) should be free from living 
organisms, vegetable and animal, and 
from all dead decomposing organic mat- 
ter, and should not dissolve lead; (5) 
should hold only a moderate quantity of 
mineral matter in solution, and thus be 
soft and not deposit a coating of lime or 
magnesia when being boiled. On the 
subject of potable water, he thought it 
was very questionable whether many 
persons drank cold water from choice. 
Where it was drunk at all, it was among 
the lower classes who unfortunately could 
not help themselves. When boiled it 
was drunk to a large extent, as in tea 


,and coffee, and it was very largely used 


in culinary operations, and it was im- 
portant that water used for such pur- 
poses should be such as did not deposit 
Uncon- 


taminated spring- or other water, derived 


from a considerable depth below the sur- 


face of the earth, was the only water 
that at its source had a normal even 
temperature at all seasons, summer and 


| winter, and, as far as he knew, was also 


free from living organisms, vegetable and 
It was also difficult to find any 
water but spring or subterranean that 
was at all seasons clear, transparent, 
bright, and when seen in large bulk, blue. 
Water derived from brooks or rivers, or 
from lakes, natural or artificial, varied in 
temperature at different seasons of the 
year, being comparatively warm in sum- 
mer and cold in winter; it was more or 
less opaque, and when seen in bulk 
lacked the blue color peculiar to uncon- 
taminated spring-water; it had in solu- 
tion in warm weather less oxygen gas 
than spring-water ; it held partly in sus- 
pension and partly in solution, after 
rains in hot seasons, manure washed from 
land and droppings from animals; and 


‘it also abounded in life, vegetable and 


animal, and was liable to inoculation by 
means of drains with the virus of specific 


parent, bright, and, when seen in large! diseases, causing ill-health and often 
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death to those who drank it. 
with the author in thinking that when 
samples of water from different sources 
were submitted to mere chemical anal- 
yses, it frequently happened that the 
results gave very little clue to their 


wholesomeness, or the contrary. He, 


said very little clue, because there could 
be no doubt that chemical analyses often 
did give some clue, but in other cases it 
gave none whatever. Chemical, and only 
chemical, analysis could be relied upon 
to determine the quantity and quality of 
the gaseous contents of the water, the 
mineral contents and consequent hard- 
ness. 
parency of the water could be judged by 
the sight. Chemistry threw little light 
upon the nature, quantity, and quality of 
the organic matter that might be dis- 
solved or mixed or lived in waters. 


posing, and this was common with river, 
lake and other surface waters, a water to 
contain a large quantity of minute or- 
ganisms, say several species of living 
plants and animals, and several hundreds 
of each species in half a gallon, the 
chemist boiled all those plants and ani- 


mals with the water, and after evaporat- 
ing the liquid he weighed the residue, 


and then subjected it to a process of! 


cremation. As the small animals and 
plants were composed of more than 90 
per cent. of water, the loss in weight of 
the residue after cremation must be mul- 


tiplied by 10 at least to arrive at their 


weight when alive. As to the names, or 
peculiar forms or qualities, wholesome- 
ness or unwholesomeness, of the plants 
and animals, chemistry, to use the words 
of the author of the paper, was “* power- 
less to help the sanitarian.” Knowing 
that, it had been his practice during the 
last thirty years to submit samples of 
water, not only to an analytical chemist, 


and thus obtain all the assistance that | 


could be had from chemical science, but 
to submit also samples to a competent 


microscopist and medical man well ac-| 


quainted with the forms, names, habits, 


and other properties of the animal and 
and Tidy. In that report, there was no 


vegetable organisms pervading many 
waters. The practical importance of 
such microscopical examination would be 
evident from the following considera- 
tions. 


He agreed | 


The brightness, color and trans- 


Sup-| 


on the part of some department. 


drink such water often gave rise to 
remittent fever, splenic fever, and pig 
typhoid. Chemistry was unable to dis- 
cover these microscopic plants; but a 
competent medical practitioner acquaint- 
ed with the properties and habits of 
those minute organisms could detect at 
least many of them and others of differ- 
ent kinds. In June, 1852, both the late 
Dr. E. Lankester and Dr. Redfern, the 
present professor of anatomy and physi- 
ology in Queen’s College, Belfast, found 
from thirty-two to thirty-eight species of 
microscopic organisms, some plants, some 
animals, and some diatomacez, besides 
large numbers of each species in half a 
gallon of water, drawn direct from the 
supply pipes of the Lambeth Company 
(taking its supply at Thames Ditton), 
before entering any house cistern. In 
1857 Dr. Hassall, in a report to the then 
President of the General Board of 
Health, stated that any water drawn 
direct from the mains of each of the 
waterworks under the provisions of the 
Metropolis Water Act, 1850, still con- 
tained considerable numbers of living 
vegetable and animal productions belong- 


‘ing to different orders, genera and spe- 
‘cies, but especially to the order or tribes 


annelide, entomostracez, infusoriz, con- 
ferveze, desmidex, diatomaceze, and fungi. 
Dr. Hassall stated thas the examination 
was made in winter, and that other 
examinations should be made in spring, 
summer and autumn. No such further 
examinations, however, had been made 
by order of the Government. That, he 
thought, was a great dereliction of duty 
Win- 
ter, it was suggested, was not the time 
to find the plants so well as summer and 
autumn, yet no other authorized examin- 
ation had been made. The waters of the 
various companies were subject only to 
chemical examination. In the last Re- 
port-of the Government Water Examiner 
under the Metropolis Water Act, 1871, 
a chemical analysis was given by Dr. 
Frankland, another by Messrs. Wanklyn 
and Cooper, and another by Drs. Bernays. 


mention of microscopical examination. 
If microscopists were employed to ex- 


‘amine the water month by month they 
It had been well established that | 
when certain microscopical plants of the | 


would find out the species that were 
more frequent at one season than an- 


nature of bacteria pervaded a water, to| other, and ascertain in what water they 
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abounded. It was well known by those 
who had paid attention to the subject, 
that many classes of those plants and 
animals indicated unwholesome water, 
and that these were mostly to be found 
in warm weather. It was true that Dr. 
Frankland, with his analyses, reported 
that the Grand Junction Compuny’s 
water contained moving organisms, but 
no particulars were given; while in the 
reports of Messrs. Wanklyn and Cooper 
and of Drs. Bernays and Tidy the pres- 
ence of any organisms was ignored. 
That reminded him that only the other 
day a shareholder who wrote in the 
Times newspaper stated that the com- 
pany was satisfied with the report of its 
chemists, because they did not mention 
any living organisms; but it was not 
because there were none, but because no 
microsgopists had been employed to 
detect them. Surely if it was worth 
while to have the companies’ waters 
chemically analyzed once per month by 
five professors of chemistry, it should be 
made a point to have at least one exam- 
ination of the waters in a month bya 
competent biologist and microscopist. 
In obtaining samples of water from dis- 
tributing pipes for determination of the 
organic contents, the water to be exam- 
ined should be drawn not only direc, 
from a main but near to the “ dead end,” 
as it was technically called, of a rider 
pipe, or to the dead end of a service main 
placed in a side street, for the organisms 
existed in much larger quantities near 
the dead ends of mains than in circulat- 
ing mains. The creatures were so intel- 
ligent that where they found the water 
quiet they went to live and breed. Chem- 
ists sometimes asserted that water had 
not been properly filtered. Filtration in 
some respects really injured the water in 
summer, because during the process 
there was collected on the top of the 
sand a further quantity of organic mat- 
ter that became decomposed, and fur- 
nished pabulum for the insects. The 
author had stated that reservoir- or lake- 
water contained but a small quantity of 
organic matter, but he did not agree 
with that statement. It would be found 
by the Registrar-General’s Returns that 
wherever lake-water was supplied to a 
town there was an excessive mortality. 
But, putting that aside, as there were 
many other things to cause mortality 
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besides impure water, yet such things as 
the excreta of animals, liquid and solid, 
leaves and the like were unavoidably 
washed into the water. Water con- 
tamination in lakes also arose from the 
formation of mud on their unlined sides 
and bottoms. It was impossible to pre- 
vent the formation of this mud, which 
was congenial to the production and 
growth of animal and vegetable life. 
The water from Loch Katrine and the 
water supplied to Manchester were full 
of dead organic matter and living or- 
ganisms, especially in the summer. The 
author had further stated that very 
slight contamination took place in water 
when exposed in the open country ; but 
he could not agree with that statement. 
He remembered having a large reservoir 
lined with cement on the South Downs, 
for the supply of Brighton. The water 
was perfectly pure when pumped from 
the wells and into the open clean reser- 
voir, but in a few hours in the summer, 
there were masses of conferve growing 
on the top of the water, and soon after a 
number of insects of different orders 
bred and flourished in it. It was a 
serious expense even to clear out the 
reservoirs and keep them clean in the 
summer. The evil could not be pre- 
vented except by roofing them over. 
Carbonic acid was given off from bicar- 
bonate of lime, which formed the pabu- 
lum that the spores of the conferve 
required, and the consequence was the 
water was polluted though the open 
reservoirs were in the country. He had 
seen open reservoirs in a hot day when 
clouds of insects had been blown by the 
atmosphere into and upon the water in 
heaps. It was an entire mistake to sup- 
pose that water could be kept pure in an 
open lake or reservoir because it hap- 
pened to be in the country. The tem- 
perature of the Thames in a hot summer 
was as high as 72°, and in the winter it 
was as low.as 35°. Water, when it was 
warm, lost some of its oxygen, and plants 
and animalcules bred in it to a much 
larger extent than when it was cold. 
The loss of heat in winter, bringing 
the water down to within 3° of freez- 
ing point, rendered it liable to freeze 
readily in the consumer's pipes, and 
thus burst them. There was another 
point on which he disagreed with the au- 
thor, that water to be purified must un- 
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dergo a process of distillation by the 
heat of the sun. Water that fell on up- 
lands composed of porous strata, such as 
sandstone, chalk, &c., was absorbed and 
percolated downwards often to great 
depths through the pores of the strata. 
A quantity of water was held in the 
pores by capillary attraction, and diffused 
through its mass. The varying density 
of the air brought the water thus held 
by capillary attraction in contact with 
changed oxygen, and by that process 


long-continued deprived the water of, 


any organic matter it might have pos- 
sessed. Supposing a depth of 18 inches 
of rain to go down through the surface 
in the course of a year, as the chalk 
strata were on an average more than 600 
feet in thickness, and one-third of the 
bulk consisted of pores, it followed that 
it would require a depth of at least 200 
feet of rain, or the produce of one hun- 
dred and thirty years, to saturate the 
pores. 

Professor Tynpaut observed that Mr. 
Homersham had had very valuable ex- 
perience in regard to the subject under 
consideration. He had gone with Mr. 
Homersham to Canterbury, and seen the 
chalk-water there, and the mode of soft- 
ening the water according to Clark’s pro- 
cess. He did not know that he had ever 
seen a more beautiful experiment upon a 
large scale. He had also seen the same 
thing at the Chiltern Hills and at Cater- 
ham, where the works were under the 
supervision of Mr. Homersham. There 
was one point, however, in which he was 
inclined to differ from him, and to agree 
with previous speakers. He was rather 
doubtful as to the ability of a microscop- 
ist, even though he were a medical prac- 
titioner, to detect in water the germs 
that were chiefly damaging to man. He 
would take the case referred to by Dr. 
Thudichum, and a more lucid medical in- 
vestigation he had never known. There 
was an outbreak of typhoid fever at Red 
hill and Reigate, where more than three 
hundred persons were attacked. Dr. 
Thorne went there, got hold of the tag- 
ends of his facts, fitted them together, 
traced them backwards, and finally came 
with the utmost certainty to a single in-| 
dividual who had been employed in sink- | 
ing the well at Caterham, and whose ex: : 
creta had infected the whole neighbor- 
hood. Imagine the diffusion of the in- | 


fective matter through all those long 
pipes, and a medical practitioner trying 
with his microscope to find out the little 
infected particles. In his opinion it 
would be a hopeless task. In the case 
of that most virulent disease, splenic 
fever, which had been worked at so suc- 
cessfully by Pasteur, the germ was eas- 
ily seen. It was a large bacterium. 
But there were bacteria that were not 
easily seen. He had, for instance, a cas- 
cade near a little house on the Alps, 
7,000 feet above the sea, and although it 
was charged with water coming from the 
snow-fields of the Alps, if he took a 
speck of that clear water and infected an 
organic infusion with it, in forty-eight 
hours the infusion would become putrid 
and swarming with organisms. He once 
chose a piece of the clearest ice he could 
find, placed it under the receiver of an 
air-pump with perfectly moteless air 
around it, and allowed it by fusion to 
wash its own surface. From the heart 
of that ice, clear as crystal, he took a 
quantity of water, and gave it to Dr. 
Burdon Sanderson, who found that it 
contained germs of bacteria just as ef- 
fective in producing putrefacation as or- 
dinary water. He should not, therefore, 
like to accept the notion that germs were 
so easily detected by the microscope. 
He agreed with Dr. Thudichum, that 
chemical analysis would afford but little 
information as to the deadliest things 
that might be in water, and that the mi- 
croscopist could tell very little about 
them; but that the best way was to draw 
water supplies from sources where con- 
tamination could not come into play, and 
in that respect he desired to say that 
Mr. Homersham stood conspicuous 
among engineers. 

Mr. Janez Hoaa remarked that, as a 
microscopist of some experience he 
agreed in part with what had fallen from 
Professor Tyndall as to what the micro- 


scope could do, and what it could not do. 


He admitted that the microscope had 
never disclosed the kind of bacterium 
that would produce a specific form of 
disease, but he could not agree with him 
that the microscope could not detect the 
presence of bacteria. It could not per- 
haps detect the exact formation of the 
creature moving under the field of the 


‘mInicroscope; but microscopists could say 


something was there a little beyond their 
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ken, and medical men and physiologists 
could carry it a little further, and take 
some of the supposed infective germs, 
and produce a physiological action upon 
the blood of an animal, and in that way 
confirm the suspicion that there was | 
something wrong with the water. As to) 
the particular method to be pursued and 
carried out in researches of the kind, he 
was pleased to find the Local Govern- 
ment Board bringing its authority to the 
elucidation of this point. An independ- 
ent body was taking steps that would | 
tend to set the vexed question of con- 
tagion at rest. A very competent gen- 
tleman was proceeding to make a series 
of experiments to ascertain what amount 
of significance could be attached to cur- 
rent methods of chemical analysis of pot- 
able waters. He took samples of water, 
purposely polluted them with stools of 
typhoid or enteric fever patients, and 
compelled animals to partake of them. 
The results already obtained were start- 
ling, and sufficient to confound some 
who were strong in their belief of chem- 
ical analyses, and of those who persisted 
in jumbling together the evidence of or- 
ganic impurity and the evidence of un- 
wholesomeness. In the first part of the 
paper, various ways had been mentioned 
in which water became contaminated. 
He degired to point out the great neces- 
sity for using precise terms in reference 
to such matters. Dr. Thudichum had| 
spoken of spring-water. Spring-water | 
was water that many persons would not 
like to drink. He supposed Dr. Thudi- | 
chum meant water drawn from subter- 
ranean sources at great depths by an ar- 
tesian well. If this were so, he might 
be permitted to refer to the inquiry into 
the Molesey irrigation scheme. It 
would be remembered that the Molesey 
people wanted to irrigate certain lands 
with sewage, and it was discovered that 
the Lambeth Company was drawing 
2,000,000 gallons of its water daily from 
a gravel-bed subsoil source at Molesey. 
This underground water was discovered 
when putting down conduits. The pipes 
were found to be passing through an im- 
mense body of water, and the engineer 
thought he could not do better than 
pump it up and use it, and call it spring- | 
water. This was done for a considerable | 
period, and it was supposed the Com-| | 
pany were pumping deep well-water. | 


The water was submitted to chemical 
analysis, and pronounced “perfectly 
pure and wholesome;” on closer investi- 
gation, it was found that the water was 
‘in a very bad and unwholesome state. 
in the course of the judicial inquiry Mr. 
:Michael said: “This is neither more 
nor less than diluted sewage of a most 
dangerous nature?” The engineer re- 
plied, “Oh no, # is not, for it has been 
filtered and submitted to our chemist, 
who pronounces it pure and wholesome 
water.” Among the chemists who pro- 
nounced it to be pure and wholesome 
was, he thought, Dr. Tidy. It had ap- 
parently not entered into the calculation 
of any one, that in drawing subsoil 
water from an area of some extent (in 
this instance a radius of more than 1} 
mile) the whole incidence of that area 
must be taken into account. Now, it so 
happened that at West Molesey it in- 
cluded seven hundred and seventy cess- 


pools, all of which were being pumped 


dry, and mixed in with the Company’s 
water. A Government investigation 
ended in putting a stop to that objec- 
tionable mode of drawing a supply of 
“ spring-water.” 

Dr. Trvy said it was a mistake to sup- 
pose he had certified to the wholesome- 
ness of this water, on the contrary, he 
had condemned it. 

Mr. Janez Hoae said he was glad to 
hear the statement of Dr. Tidy, but he 
knew that the chemists of the company 
had expressed an opinion that the water 
was perfectly pure and wholesome. He 
could not for a moment doubt Dr. Tidy’s 
word, but there were one or two points 
in connection with other of his state- 
ments which he desired to notice. He 
had contended that if the Thames River 
water had a run of a certain number of 
miles it would tend rapidly to oxidize 
all the sewage mixed with it. “His re- 
sults,” he said, “were in accordance 
with those of all the chemists who 
had examined and reported on the 
subject ; and he also believed that the 
Thames in its flow of 130 miles as a 
definite stream did not acquire any in- 
creased proportion of organic matter.” 
If Dr. Tidy had examined the water at 
Lechlade as well as 130 miles lower 
down, but of which he afforded no evi- 
dence, his remarks were apt to mislead. 
From the first part of his statement it 
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would appear that the Thames was as 
pure at Hampton as at Lechlade, the 
water not having acquired any increased 
proportion of organic matter; but the 
results he had published did not show 
the condition of the water in the river 
130 miles below Lechlade; they merely 


showed its condition after it had passed | 


through the company’s filters. Looking, 
however, solely to the condition of the 


water after it had been filtered, and ap- 


plying Dr. Tidy’s own theories concern- 
ing the rapid destruction of organic mat- 


ter, and which at Lechlade proceeded | 


from a scantily populated district, and 
might be taken to be comparatively free 
from sewage, all organic matter would, 
according to his theory, have been de- 
stroyed long before it reached Hampton ; 
whereas that which replaced it, must 
contain sewage contamination from nu- 
merous populous towns from Lechlade 
downwards. The organic matter, there- 
fore, even if not large in amount, would 
be worse in quality, and the water, of 
course, inferior. In fact, all the towns 
situated on the banks of the Thames 
were constantly pouring in large quanti- 
ties of sewage, and there could be no run 
of more than 100 yards, to say nothing 
of 130 miles, where pollution was not go- 
ing on day and night. Who then could 
undertake to say when and where some 
typhoid or malignant fever patient would 
not be sending excreta into. the Thames 
in a course of 130 miles? Turn to the 
report of a chemist who differed from 
Dr. Tidy—the official water-analyst of 
the Government, Dr. Frankland, whose 
experience in such matters was beyond 
all question. He had spoken in his 
report of the improved condition of 
London water, which he said was due 
to the weather and to efficient filtra- 
tion; but Dr. Frankland’s opinions 
were still strongly adverse to the use 
of Thames water for drinking pur- 
poses, on the ground that it would not 
be safe so long as sewage found access 
to it. Actual danger might arise in the 
production of diseases believed to be 
propagated by organisms possessing a 
remarkable degree of vitality ; and when 
seasons conducive to an expidemic out- 
break supervened, it was imperatively 
necessary that water-pipes should not 
become vehicles for the spread of disease. 
The important point of divergence be- 





tween Dr. Frankland and Dr. Tidy, who 
were both working from the same data, 
consisted, not in any marked difference 
as to facts, but in a difference of opinion 
as to the import of those facts. That 
was a point which should be clearly un- 
derstood and weighed when misleading 
chemical reports were issued to the pub- 
lic. Dr. Tidy of course fell back upon 
the Registrar General's Reports, as show- 
ing that there was no increase of deaths 
in London; but he omitted altogether to 
take into consideration how much Lon- 
don had advanced in its sanitation dur- 
ing the last twenty years; how much 
care had been bestowed by Officers of 
Health, not only in benefiting the poorer 
portions of London, by turning out the 
poor people and letting in light and air, 
but also in improving the health of Lon- 
don generally. There was scarcely a 
person, whatever might be his position 
in life, who had not benefited by what 
had been effected in that respect. He 
agreed with the author in his general 
conclusions, and was ready to admit that 
he had done a great service in opening 
out so important a question. 

Mr. W. Arkryson said it appeared to 
him that the whole force of the paper 
depended upon the question whether 
zymotic diseases were the result of the 
growth of living germs in the human 
frame. The author admitted that water, 
if it contained dead organic matter, in 
passing down a stream was purified, and 
he assumed, what Mr. Atkinson believed 
had never been proved, that zymotic 
diseases were dependent upon living or- 
ganisms of such great vitality that they 
were almost indestructible. He knew 
that Professor Tyndall and Mr. Hogg 
were high authorities on the subject, but 
he did not know that there was anything 
to contradict the statement of Dr. Tidy 
that there was as yet no absolute evi- 
dence of living germs propagating those 
specific diseases. The question of chem- 
ical analysis, he thought, had been pretty 
well cleared up. The author had stated 
that although chemical analyses did de- 
monstrate the presence of organic im- 
purity, yet it did not enable a decision 
to be made as to whether it rendered 
the water unwholesome. That had been 
fully borne out in a little work by Mr. 
W. Noel Hartley, Demonstrator of Chem- 
istry at King’s College, who stated at 
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page 23: “Even in very unwholesome | 


waters the amounts of organic matter 


are exceedingly small. The chemist can | 


tell how much carbon and how much 
nitrogen this organic matter consists of, 
but he is powerless to say, by applying 
any distinctive test, that he is acquainted 
with the nature of the organic matter, 
and that it is such as will act as fever 
poison or as cholera poison.’ 

Mr. Cuarues Exry said that, at a recent 
discussion at the Chemical Society on 
that question, Professor Huxley pro- 
nounced an emphatic opinion that water 
might be as pure as possible from a 
chemist’s point of view, and yet be most 
deadly ; but he did not undertake to say 
asa physiologist that it was possible to 
detect the organisms or organic matter 
contained in it. Mr. Ekin quite agreed 
with the author and Dr. Thudichum as 
to the little value to be attached to the 
determination of organic matter in water, 
because he had, over and over again, ex- 
amined water that had undoubtedly 
given rise to typhoid fever, and found 
that it contained a very small amount of 
organic matter, and he had gone into 
districts where there could be no sort of 
contamination, and examined the springs, 
rivers, and brooks, in which he had fre- 
quently found large amounts of organic 
matter, that by no test could be distin- 
guished from the organic matter in sew- 
age. It was well to keep in view the fact 
that contamination was simply a question 
of degree. Dr. Thudichum would always 
go to springs, but he hardly realized the 
difficulty of getting pure spring-water 
and keeping it pure. Towns that were 


using springs for their supply were get- | 


ting more and more alive to the necessity 
of buying land around the springs, to 
prevent the water from being contamin- 
ated by high y-manured fields or market 
gardens. Nearly all the water used fur 
drinking purposes in England must be 
more or less contaminated, because it 
was collected on surfaces highly culti- 
vated and thickly populated. With re- 
gard to the question of previous sewage 
contamination, the author overstated the 
case when he said is was impossible to 
tell whether the nitric acid and ammonia 


present in any water had been derived | 
from rain-water or from the soil through | 


which the water had percolated. As a} 
matter of fact it was easy to distinguish | 


between the two, as the amount in rain- 
water did not exceed a certain very small 
percentage, and deducting this, the quan- 
tity derived from the soil was arrived at. 
Although the term “previous sewage 
contamination” was in some respects a 
misleading one, still there could be no 
doubt that the determination of the items 
included under this head afforded useful 
data in judging of the wholesomeness of 
drinking water. 

Mr. Forxarp in reply said, on the two 
questions of the insufficiency of the pres- 
ent methods of chemical analysis, and the 
danger of using water which had been 
once polluted, he proposed making a few 
remarks. With regard to water analysis, 
the statement which provoked so much 
controversy, that chemists were power- 
less to discriminate between wholesome 
and unwholesome water, he would quote 
from Memorandum No. 3, on Drinking 
Water, issued by the Rivers Pollution 
Commission :—“ The existence of an in- 
fectious property in water cannot be 
proved by chemical analysis.” If chem- 
ists could not tell whether a given water 
was possessed of infectious power or not, 
he thought it was fair to say they could 
not tell whether it was wholesome or 
not, and therefore the statement in the 
paper was corroborated by the opinion 
of Dr. Frankland. Again, he agreed 
with the opinion frequently expressed by 
engineers, that a chemist should be able 
to give a decisive report on a sample 
from the results of his analysis alone, ir- 
respective of the origin of the sample. 
If a mineral was submitted for analysis, 
the chemist or assayer was indifferent as 
to where it came from or what depth it 
was obtained. He could report with 
certainty on the percentage of iron or 
copper, as the case might be, and if the 
processes of water analysis were reliable 
like those of inorganic analysis, water 
analysts could report with equal certainty 
whether a given sample was wholesome 
or nut from the results obtained, irre- 
spective of its locality or source. 
Whether water analysts were willing to 
give a report when thus left in the dark 
he left to engineers to decide. He knew 
that in at least one case this was not so, 
and that gentleman had had considerable 
experience, as he had it on good author- 
ity that severa] thousands of samples had 
passed through his hands. This seemed 
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to show that neither Dr. Frankland, nor 
any other experienced water analysts, 
placed absolute reliance on the results of 
chemical analysis to show whether a, 
water was wholesome or not, and conse- 
quently they agreed so far with the opin- 
ion expressed in the paper. It was con- 
tended that the great question was, 
“ What is the condition of the water now ? 
not what was its condition fifty years 
ago, or 50 miles up-stream.” This was 
perfectly true, but unfortunately it was a 
question which no water analyst could 
answer. The various processes of water 
analysis had one and all been shown on 
chemical grounds to be worthless, and he 
had endeavored to prove that they were 
worthless (as far as the power of indicat- 
ing wholesomeness was concerned) by | 
reasoning which required no technical | 
knowledge to follow it, but simply the ex- 
ercise of common sense. Eminent water 
analysts had brought forward apparently 
conclusive evidence of the worthlessness 
of all processes of water analysis except 
their own, and he was convinced that 
each one of those chemists was right, | 
and begged to refer to their communica. | 


tions on the subject for proofs of worth- | 


lessness on chemical grounds. Further, 
he believed that the cause of the want of 
confidence of engineers in the results of | 
water analysis was due to the unavoid-| 
able employment of defective processes, | 


ment some three hundred or four hundred 
times it might be a matter of question 
whether further repetition would greatly 
add to the operator's skill in water 
analysis. The sooner the water became 
pink, the less the amount of foreign 
matters present; but as to the nature of 
these substances every one was in the 
dark, and when it was inquired if Dr. 
Letheby, who invented the process, or 
Dr. Tidy, who used it, had established 
any definite relation between whole- 
someness and permanganate, there was 
no answer. An intelligent lad could 
master the details of the process in half 
an hour, while, as before mentioned, the 
value of the result was admitted by nine. 
tenths of the analysts of the present day 
to be nil. He thanked Mr. Ekin for 
supplying an omission in the paper at 
page 6, line 15. After the words “ by 
the rain in falling” it should have been 
mentioned that the amount of nitrogen 
existing as ammonia and nitric acid in 
rain being very small, anything in excess 
of the normal amount might, as stated 
by Mr. Ekin, be fairly put down to 
animal or vegetable contamination. He 
could not agree with Mr. Homersham’s 
remarks on hard water. The quantities 
were so small that it could make 
but little difference for dietetic pur- 
poses whether there were 5 grains or 
40 grains of chalk per gallon. Besides 


in the absence of better and reliable ones. | many medical men were of opinion that 
That this want of confidence existed he lime in drinking water was essential to 
knew, because many of his friends were the health, at all events, of children, and 
engineers connected with water-supply, therefore he could not but think it un- 


and he ventured to think many could |fortunate that Dr. Frankland should re- 


from their own experience corroborate | turn such harmless inorganic substances 
the views at which he had arrived on 
theoretical grounds. If this were so, | 
the sooner analysts owned it the better, | 
instead of attempting to throw dust in 
people's eyes, and to bolster up defective | 
methods by saying they had employed | 
them so many thousand times. Consider | 
the method of ascertaining the present | 


as chalk under the heading of impurities. 
Although perfectly correct from the 
chemist’s point of view, it was liable to 


mislead the non-scientific portion of the 


community. The second question was 


_as to the purification of rivers by natural 


means. Of course a great deal took 
place in this way, otherwise (as had been 


condition of a sample of water by the|/remarked) no one would be alive. 
permanganate of potash process. A | Vegetation had a most beneficial influ- 
measured quantity of water was put in a| ence, although he ventured to think that 
glass standing on a sheet of white paper, |in nine months of the year in this dull 
and it was noted how many drops of {climate the effects could not be very 
permanganate of potash were required energetic. It must also be remembered 
to communicate a permanent pink color | that vegetation was supported by inor- 
to the water. To give it its due, the pro- | ganic materials, and that the organic mat- 
cess certainly had the advantage of sim-| ters contained in sewage must decay and 
plicity, and after performing the experi-|be resolved into the salts of ammonia, 
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carbonic and nitric acids, before they be-|half afraid to call them germs) were 


come available for the support of plant | 
The | 


life. All this of course took time. 


acted upon in the slightest degree. 
The above experiments should be pretty 


statement made by Dr. Tidy, however, | conclusive to Dr. Tidy, because the or- 


was so extraordinary that it would well 
repay a little attention. 


purification (whatever that might mean). 


The velocity of the river might be as-| 
clusive evidence of the reliability of both 
| processes. 
/about germs, it was a comfort to him to 


sumed to be 24} miles per hour, whence 
it followed, according to this theory, that 
in four hours purification had taken 
place. If Dr. Tidy meant that river beds 


showed no signs of sewage 10 miles be- | 
low the outfall, the statement was prob-| 


ably true, but even that would depend on 
the ratio of the volume of sewage to the 
total flow of the river. But the assertion 
that sewage was decomposed in four or 
six hours was rather startling. Even 
admitting this would be the case in the 
height of summer, during sunshine, and 
when vegetation was most active (and 
very few if. any chemical actions, especi- 
ally in dilute solutions, were complete in 
such a short time), what should be said 
about the winter months when sunshine 
was almost an event, and the tempera- 
ture of the water was near the freezing 


point, the processes of vegetation and 
fermentation being nearly suspended? To 
say nothing of the fifteen hours’ darkness 
of the winter night during which no 
purification by the aid of vegetation 
went on (light being essential), and in 
which time the sewage would flow with | 


the stream 30, 40, or 50 miles. He sub- 
mitted that the 10-mile estimate was far 
wilder and more fanciful than any asser- 
tions in the paper, in addition to which 
it was entirely at variance with facts. 
The Rivers Pollution Commission Re- 
port contained two analyses of the water 
of the Thames, viz., at Reading and at 
Shiplake paper-mill, and the result 
showed that after a flow of 4 miles the 
organic carbon in the water was only re- 
duced to about 6 per cent.; and even as- 
suming that the diminution went on in 
the same ratio, a flow of at least 64 miles 
would be required in summer to effect 
decomposition, the date of the experi- 
ment being May 31st, 1873. As amatter | 
of fact, however, such processes were al- | 
most invariably more and more sluggish 
towards the close, in addition to which 


there was absolutely no evidence to'| 
show that the morbific matters (he was | 
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| ham. 


'ganic carbon was the constituent which 
It was to the 
effect that 10-miles flow was enough for | 


agreed so very closely with some of his 
numerous determinations, and the cor- 
respondence of which with his own 
method he put forward as almost con- 


After the severe remarks 


reflect that he was not the only person 
who believed in their existence. To his 
mind the evidence was as conclusive as 
of the presence of calcium, sodium, iron, 
&c., in the sun’s atmosphere, and in both 
cases amounted to far more than a prob- 
ability. To some minds, however, the 
fact of their not having been seen was to 
to the possibility of their existence, but 
it should at least be recognized that sev- 
eral eminent men believed in them. 
The town referred to in the paper in 
which an outbreak of enteric fever oc- 
curred about three years ago was Cater- 
Dr. Thorne ‘Thorne investigated 
the matter, and made a full report on the 
subject. The evidence was direct and 
conclusive that water contaminated with 
the dejecta of a workman suffering from 
enteric fever was the cause. An epi- 
demic of typhoid occurred in the village 
of Lausen, near Basle, Switzerland. The 
case was investigated by Dr. Hiigler, 
and experiments were made similar to 
those mentioned by Mr. Baldwin Lath- 
am, viz., by throwing about a ton of salt 
into the water of the stream opposite the 
cottage in which the first attack of ty- 
phoid occurred. In two or three hours’ 
time the water at the village became per- 
ceptibly salt, and this was corroborated 
by the proper test. Some 20 to 30 ewt. 
of flour were then thrown into the brook, 
to ascertain if the water was subjected 
to any filtering process. None of the 
flour (although well mixed up with the 
water) arrived at Lausen, conclusively 
proving that filtration, which was effect- 
ive in stopping such comparatively coarse 
particles as those of flour, allowed the 
specific poison of typhoid to pass in suf- 
ficient quantity to strike down 17 per 
cent. of the population with the disease. 
A more detailed description had been 
given in the Proceedings of the Chemical 
Society, February 17th, 1876. It had 
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been urged that the outbreak of fever at 
Caterham would not have occurred if the 
contaminated water had flowed in con- 
tact with the air as a river or brook in- 
stead of in closed pipes. Of course this 
was possible, but it was a mere assump- 
tion, unsupported by evidence; fortu- 
nately for sanitarians and the public the 
Lausen case just described set the matter 
at rest,a mountain stream then being 
the vehicle of the typhoid poison. After 
this it would hardly be advisable to rely 
on germs being destroyed in flowing 
water. With reference to Mr. Baldwin 
Latham’s remarks on the death-rate of 
London having slightly decreased, while 
the impurities in the river water had in- 
creased in quantity, it must be remem- 
bered that the sewerage system and the 
sanitary condition of the houses had 
undergone vast improvements, and there- 
fore to his mind it was exceedingly dis- 
appointing that a far greater diminution 
in the death-rate had not been observed. 
The late Dr. Letheby pointed out that 
the real death-rate of London was prob- 
ably very different from that shown by 
the Registrar General, the population 
being continually recruited by young 
people from the country; also the sick 
were, in as many cases as possible, re- 
moved into the country, and of course 
many thus died away from home. 
These causes probably made a difference 
of at least 5 per 1,000, if not considerably 
more, and therefore there was no reason 
to boast of the corrected death-rate of 
the best sewered city in the world. The 
statistics of the cholera epidemic of 1854 
conlusively showed the ill effects of a 
foul water-supply, the relative mortalities 
being as 13 to 4. The fact of the death- 
rate of the districts of the metropolis, 
supplied with river water, being the same 
as that of the Kent Company’s district, 
was doubtless due to the greater number 
of recruits from the country who settled 
in the former area. 
creasing eastward as rapidly as west- 
ward the cases would be parallel, and Dr. 
Tidy’s conclusions would hold good, but 
in view of this great disturbing element 
(the influx of young people from the 
country into the western or river-water 
districts), such comparisons were almost 
valueless, merely showing that even with 
such great advantages the river-water 
area death-rate was not lower than that 


If London were in- | 


‘of the well-water area. He could not 
admit that the question of storm over- 
‘flows was irrelevant. It was immaterial 
to the inhabitants of the lower towns on 
a river whether these overflows were 
theoretically necessary or not. The 

uestion to them was “did the sewage 

ow direct to the river in times of heavy 
rain?” In connection with this subject 
it should not be forgotten that the sew- 
age thus discharged direct was in its 
foulest state, the great rush of water 
flushing the sewers and bringing with it 
accumulations of filth which had been 
collecting and festering, possibly for 
weeks. It would be a question of ex- 
pense, viz., the construction of sewers in 
the upper towns large enough to carry 
off storm water without the necessity of 
using storm overflows versus the obtain- 
ing of the water supply of the lower 
towns from other sources than the river. 
There could be no doubt that the upper 
towns would feel it a great hardship to 
be obliged to spend two or three times 
as much on their sewerage system from 
this cause, and in view of the partial and 
imperfect nature of the remedy this extra 
outlay would not be justified. He must 
also dissent from Mr. Latham’s inference 
that low death-rates were the accompani- 
ments of offensive states of rivers. It 
was probably a mere coincidence and 
could hardly be taken as proof of the 
harmlessness of such an abnormal state 
of things. The fact of malaria usually 
traveling up stream was irrelevant. It 
was prevalent in almost uninhabited 
countries, and was due to conditions of 
heat and drought simultaneously present 
in the upper and lower parts of a river. 
With reference to the effect of water 
containing the evacuations of cholera 
patients on the inhabitants of Birming- 
jham, he did not think it was fair to 
expect an explanation of every case. 
That injurious effects had followed the 
use of such water (putting sentiment 
aside altogether) had been proved in 
England and on the Continent. It 
‘seemed to him that when an admittedly 
polluted stream was to be used as a 
source of water-supply the onus of proof 
of its innocuousness rested on those who 
proposed it. It was not enough to show 
| that no ill effects had been observed in 
particular instances. On the contrary, 
he thought two or three undoubted 
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cases, of the transmission of disease by 
such waters, should be enough to con- 
demn them as a class, and prevent 
wherever possible their use for domes- 
tic purposes. Besides, the mere idea 
was so loathsome that one almost won- 
dered that an attempt should be made to 
defend it. If “drinking in a circle” 
were unobjectionable, then why have 
such refinements as sanitary inspectors, 
inspectors of nuisances, and food ana- 
lysts? It certainly seemed inconsistent. 
The question had been put to him “ ad- 
mitting the presence of germs, was 
there any evidence to show that they 
were not amenable to the same laws as 
organic matter generally?” Here the 
necessity of extreme precision would be 
seen. The term organic matter was in- 
definite. If living organic matter were 
meant the answer would be self-evident, 
because germs were living organic 
matter, and therefore must be amen- 
able to the laws governing such matter. 
If, on the other hand, his interrogator 
meant dead organic matter, he replied 
that germs were no more amenable to 
the laws of dead organic matter than a 
living man was. Again, every biologist 
was aware that the lower the organism 
the more persistent was its vitality, as a 
rule, and therefore a living germ was at 
the very least quite as capable of resist- 
ing oxidation during a 10 or 100, or 
1,000 miles swim down a river (water 
being its appropriate medium) as was a 
hen’s egg for an equal time or during 
transport through an equal distance in 
its appropriate medium, the atmosphere ; 
and he thought few people would doubt 
the capacity of a hen’s egg to germinate 
after such an interval and such treat- 
ment. Under the circumstances he could 
leave the members of the Institution to 
decide which of two chemists was the 
more likely to gain respect, the one who, 
after ten years’ experience in water an- 
alysis, had come to the conclusion that 
the present methods were unreliable, 
and was willing to own it; or on the 
other hand, the one who tried to throw 
a halo of importance round a process ad- 
mitted by nine-tenths of the analysts of 
the present day to be worthless, by stat- 
ing that he had analyzed nearly four 
thousand samples by it. It would be 
equally logical to say that hanging for 
sheep stealing was a good law because it | 


had (unfortunately) been carried out 
hundreds of times in this country. In 
conclusion he must thank the members 
for the kind way in which they had list- 
ened to the paper and to his remarks, 
and if it should be the means of direct- 
ing still further attention to this im- 
portant subject he should be extremely 
gratified. 


CORRESPONDENCE. 


Mr. H. Percy Bovtnors said that the 
Water Works of the City of Exeter, of 
which he had charge, were the property 
of the Corporation. The daily supply 
amounting to 1,280,000 gallons, was 
pumped from the river Exe, the intake 
being situated about 4 miles above Exe- 
ter and 12 miles below the town of Tiv- 
erton, the sewage of some ten thousand 
persons at this place being daily passed 
direct into the river in a crude state. 

To ascertain how far this sewage con- 
tamination chemically affected the water, 
he took samples from different points in 
the river in August, 1880, and submitted 
them to Mr. F. P. Perkins, the public 
analyst of the City of Exeter, who exam- 
ined them by the permanganate process 
and a modification of Professor Ditt- 
mar’s carbon process. The following 
Table (see next page) embobied the re- 
sults of these tests. 

It would be noted, on reference to this 
Table, that the water at the intake was 
chemically nearly similar to that above 
Tiverton, and that this result was ob- 
tained gradually by the water on its 
journey. The Dart stream, however, 
seemed to pollute the water, there being 
a marked difference between samples 4 
and 6; this was accounted for by the 
fact that the Dart rose on Exmoor, and 
although it could receive absolutely no 
sewage contamination, it was brown with 
peat, and this gave a bad analysis. 

So far as Exeter was concerned, it was 
contended that the water at the intake 
was not unhealthily affected by the sew- 
awe contamination of Tiverton, and this 
result might be attributed to the follow- 
ing causes: (1) ‘the excessive dilution 
of the sewage with a large bulk of pure 
water. (2) The oxidation which the 
water underwent on its 12 miles journey 
from Tiverton, tumbling as it did over 
two weirs and rushing over many a shal- 
low and stony bed. (3) The action upon 
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SPECIMENS OF WATER TAKEN BY MR. BOULNOIS FROM THE RIVER EXE ON 
Aaveust 16Tx, 1880, AND SUBMITTED TO MR. PERKINS FOR ANALYSIS. 





‘Amount of organic im- 
| purity in 100,000 parts. 





Number 
of Where obtained. ‘Distance below Oxygen con- Organic 

c carbon 
sumed x >= yielded. 


specimen. Tiverton. 








|Above Tiverton 1 mile above...| .0718x2.27= .168 
|Below Tiverton 100 yards below .0873x2.81=  .246 
Ditto 2 miles ‘“‘ | .0929x2.98=  .278 
Biokleigh Bridge 8 “ * | .0788x2.41=| .190 
n a stream joining the ) | “ rm ef ‘ 
{ Exe called ihe Dart... | 3t | .2070x2.11=) 436 
Below Bickleigh mill stream.| 34 “* | .0859x3.16=| .272 
‘Bourne Farm 5 ‘¢ | 080 x2.70=| .218 
/Thornetown above the weir..| 8 “| .0881x2.60=| .218 
At intake | 12 “| .O715x2.29=| .164 





COD Or PWDe 





the water by aquatic plants and weeds,|out as the most convenient and proper 
and of the soil of the river banks and | from which to derive the water supply. 
bed. (4) Theconstant evaporation from| Mr. Epwin Cuapwick, C.B., observed 
the surface of the water, and consequent | that there were particles from small-pox 
molecular changes thus altering its char-| and other eruptive diseases, which were 
acter. (5) Other unknown causes possi-| known to be distributed in hospitals 
bly at work which made up the ever act-| within measurable distances. But these 
ive processes of Nature’s great labora-| were imagined, but not proved, to be 
tory. |germs of specific diseases which spread 
The author questioned the reliability | to immeasurable distances, and which it 
of chemical analysis to detect “previous was averred must be productive of the 
sewage contamination,” but he did not|same diseases. These germs were al- 
appear to have given credit to the fact leged to be the cause of enteric fever, 
that, in a properly conducted analysis, and when conveyed by water carriage 
no chemist relied upon one indication| must generate it. A disease did arise 
only, but that all the bearings of the| sometimes, with varying type, from the 
analysis and history of the water were| emanations from stagnant drains or sew- 
considered. If the analysts’ evidence|ers. But he never heard of any arising 
was to be doubted, much difficulty would | in such conditions along lines of sewer 
be experienced by sanitary authorities in| in accordance with the germ theory. 
closing polluted wells or other impure|In an address given at Croydon to the 
sources of water supply; but hitherto) members of the International Medical 
reliance had always been placed upon/Congress by Dr. Alfred Carpenter, ad- 
such evidence, and he thought no suffi- | ducing experiences in answer to the vio- 
cient proof had been adduced in the/lent objections that had been made by 
paper to shake public confidence. The|the advocates of chemical disinfectants, 
question was one of grave importance, |and-: other processes against sewage 
the health of a community being no| farms, on the grounds that they must 
doubt greatly affected by the character | receive and must spread the germs of 
of its water supply; no hasty conclusion | infectious disease. Dr. Carpenter stated 
should therefore be arrived at in favor|the result of his experience, to which 
of deep well water. It might be that) he would direct particular attention: it 
the terrible “diseases of the stomach | was as follows: 
and intestines” mentioned in the paper 
were due to contaminations in shallow! . “‘ The non-infectious character of the excre- 
well waters, or tothe mineral substances ao of those suffering from epidemic and in- 
See in coneh i 2S centenn endl mah ectious diseases when distributed upon a sew- 
Ost Geep we » Game age farm is proved by the fact that there have 
from that source which Nature pointed | been occasional outbreaks of infectious diseases 
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in Croydon during the past ten years, includ- 
ing two epidemics of small-pox, several out- 
breaks of scarlet fever, occasional cases of 


diphtheria, and three periods of typhoid prev- | 


alence—two of which were distinctly con- 
nected with contamination of water supply in 
its distribution, and a third was distributed by 
means of milk. In the years 1875-76 the ex- 
creta of at least a thousand cases of enteric 
fever were utilized on the farm. In the ma- 
jority of the cases the excreta were certainly 
not disinfected, and had they been capable of 
setting up the disease, some of the sixty-five 
persons at that time in the employ of 
the Local Board must have suffered from 
the infection. Cases which did arise were 
not on the farm, or even in the major- 
ity of cases, near to it; they were on the 
hills, beyond the range even of subsoil water. 
The changes in sewage are not in any way 
similar to those which have been known to 
take place in poudrette and other particular 
forms of dried ordure. There is no doubt in 
my mind of the destruction upon sewage 
farms of the germs of mischief, which, when 
unaltered, may be capable of setting ap zymo- 
tic disease They are not preserved as they 
may be in dried ordure, or in other products in 
which so-called disinfectants have been used, 
which have simply preserved the germs from 
decay; but they are chemically and physically 
altered so that mischief cannot arise. ‘This re- 
sult has been also found to apply to the excreta 
of animals suffering from epizotic disease. 
During the past few years there have been 
several outbreaks of infectious pleuro-pneu- 
monia in the Croydon district, the infection 
being brought from the Metropolitan Meat 
Markets. The cow-sheds in which the disease 
has arisen have drained into the Croydon sew- 
ers, and blood and excreta from the slaugh- 
tered animals have been washed down those 
sewers. The sewers have carried the morbid 
matter from the sheds to the farm; but there 
has been no corresponding disease among the 
cattle upon the farm.” 

To this he might add that similar dem- 
onstrations were presented by all well 
worked sewage farms. Moreover, 
sects generated and distributed in solid 
manures, and in stagnant semi-liquefied 
manures, were drowned by liquid man- 
ures in active circulation. It must fol- 


low that from continued exposure to) 


such germs as those assumed that the 
health of those working on the sewage 
farms must be lower than the average, 
whereas it has been shown in a report to 
the Royal Agricultural Society that the 
health of the people working and living 
on the sewage farms was remarkably 
higher than the average. 

Mr. C. E. De Rance remarked that the 
author, by grouping a series of well- 
known facts in a definite connection, had 
done useful work, in establishing the un- 


in- | 
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‘assailable result, that the practical free- 


dom of drinking water from organic im- 
purity must be absolute to prevent the 
spread of zymotic disease. How this 
desirable condition was to be obtained 
was a difficult problem. Gravitation 
supplies, derived even from the mount- 
ain slopes of Wales and the English 
Lake District, traversed only by mount- 
ain sheep, occasional tourists, shepherds 
and their dogs, were liable to receive 
the germs of entozoa, especially from the 
latter; while water supplies abstracted 
from rivers, even when all town sewer- 
age was intercepted, received streams 
flowing past polluted farm yards, and 
the soakage from the offensive ditches 
with choked outlets, which so often sur- 
rounded them. In a gravitation supply 
,absolute freedom must of necessity be 
impossible, but much could be effected, 
by making the separation of sewerage 
and storm water compulsory, not only 
in the drainage from cities and towns, 
but in the effluent water from country 
estates. 

In water obtained from underground 
sources, whether from deep - seated 
springs, or wells, the chances of poison- 
ous germs being left was very small, 
after the passage of the water through 
several. hundred feet of porous rocks, 
provided that the water had passed 
through the texture of the rock, but in 
many cases, the water had simply trav- 
eled, both vertically and horizontally, 
through open fissures formed by joints 
and faults, and this was probably the 
condition of many wells giving an ex- 
ceptionally large daily yield of water, 
which had not been naturally filtered. 
In some other cases, deep bore holes 
had been sunk entirely in porous rock, 
in which every care was taken to ex- 
clude, and tube out, surface waters, but 
the water yielded was found to be pol- 
luted, percolation having taken place 
through cracks and fissures, connecting 
the surface with the saturated portion of 
the rock beneath. Of necessity wells 
reaching porous formations after passing 
through a zone of impermeable material 
were not open to this objection, and the 
chances of pollution were exceedingly 
small in the water yielded by them and 
by deep-seated springs. To increase the 
yield of these springs appeared to be a 
|matter of the highest importance, for 
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should the construction of “dumb 
wells ” become general, and the drainage 
of impermeable lands be artiticially car- 
ried to porous strata beneath, whenever 


practicable, the supply of pure drinking | 
water would not only be increased, but | 


theabsorption of excessive rainfalls would 


diminish the intensity of floods, and im- | 
prove the dry-weather volume of the) 


streams. 


'deep subterranean sources or from 
| Streams above suspicion of contamina- 
'tion were to be used, a less abundant 
supply would be available than was now 
employed. The limitation of supply 
would arise from two causes, one being 
the difficulty of obtaining the necessary 
quantity of underground water, and the 
other being the cost of getting it. 
| Where the cost of supplying a town was 


Mr. H. U. McKie knew one town in| attended with heavy water rates, Mr. 
Wales which took its water supply from | Robinson had found that the authorities 
a river, when about one mile of extra| were disposed to restrict the quantity 
piping would have given good spring | used for sanitary purposes, such as flush- 
water. Villagers near the river from| ing sewers, road watering, and the like. 
which the water was taken would not|Such restriction would lead to insani- 
use it, yet chemists pronounced it pure.|tary results. The alarmist views enter- 
He had recently had occasion to exam-| tained by the author were not supported 
ine some works by a river side, and saw/| by practical evidence. If the germs of 
what he thought to be two sticks float-| contagious diseases had the vitality and 
ing down the rippled surface of the| produced the mischief alleged, the evils 
stream ; they appeared to be attached to-| attending the use of water subject to 
gether by a string, and made curious | their influence would have been mani- 
bobbing motions, similar to a float on a|fested. Without wishing to underesti- 
fishing-rod when there was a nibble at| mate the risk of transmitting diseases by 
the bait ; on closer examination he found | water, Mr. Robinson would expect to 
it was a large salmon so covered with a/ find some proof of the allegation in the 
fungoid growth as to be both pitiable | case of a city like London. Obviously 


and revolting, and he was told that the| the water supplied by the metropolitan 


river was full of salmon thus affected. 
Now, as this disease also attacked trout, | the Thames must be placed in the class 
ells, and other fish, in the river, he| of water of the dangerous kind; no con- 
thought it right to ask if water so con-|tagious diseases, however, could be 
taminated could be a safe source of pot- traced to its use. Frequent attempts had 
able water supply for a town? He knew) been made to connect cases of typhoid 
of two towns on this river which derived | and similar diseases to the use of water 
their water supply from it, and there| supplied from the Thames, and he had 


companies which took their supply from 


might be others. 

Mr. H. Rosrnson could not agree with 
the author in his sweeping condemna- 
tion of the use of river water unless 
taken near the source. However desir- 
able it might be to obtain water free 
from the risk of contamination (and 
every engineer aimed at securing such a 
supply) in practice it would be impossi- 
ble to meet the wants of the community; 
if the rule laid down were acted on. The 
enforcement of this rule would necessi- 
tate the abandonment of numerous 
sources of supply which failed to comply 
with these conditions, but which, al- 
though subject to the risks referred to, 
had not produced any evil results. Prob- 
ably the author, by enforcing an unrea- 
sonably high standard of purity, would 
create some of the evils which it was 
sought to prevent. If only water from 


/on several occasions been engaged in ex- 
‘amining into such cases. He had found 
| (and the experience of others was to the 
/same effect) that where water had caused 
illness it had been solely through the 
foul state of the cisterns and receptacles 
for storing it. The presence of filth of 
various kinds and dead animals ac- 
counted for the mischief. A constant 
supply would remove this cause of dan- 
er. 
. Another view of the subject was worth 
referring to. Supposing water perfectly 
free from suspicion was to be insisted 
on for dietetic purposes, a duplicate sup- 
ply would be required in many cases, 
‘such as has been proposed for London. 
Were this system to be adopted the in- 
ferior water would most probably be less 
pure than that previously supplied, inas- 
|much as it would be thought unneces- 
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sary to filter water intended to extin-| been experienced by engineers, owing to 
guish fires, water streets, or cleanse analytical chemists adopting different 
courts, and alleys. The germs of some terms to express the results of their an- 
contagious diseases were, according to alyses. Mr. Robinson was continually 
the best medical authorities, even more | having to deal with analyses in which 
capable of being introduced into the | similar impurities were described by dif- 
human system through the lungs than ferent chemists in different terms. The 
through the stomach. If, therefore, the| adoption of a uniform nomenclature 
dangers apprehended were really based would be both convenient to those who 
upon reasonable grounds, the air in-| had to act upon the results of chemical 
stead of the water might become the me- analyses, and would also remove one of 
dium for conveying the disease germs | the several grounds of difference that 
under the state of things that would appeared to exist amongst chemists 
then exist. Much inconvenience had | themselves. 


SOME EXPERIMENTS IN THE TRANSMISSION OF POWER 
BY ELECTRICITY.* 


By GEORGE and WILLIAM E. GIBBS. 


Contributed to VAN NosTRAND’s ENGINEERING MAGAZINE. 


DESCRIPTION OF GENERATOR AND MoToR. |the edge to the number of perhaps 
|twenty and of the width of one-fourth 


The dynamo-electric machine used as | of an inch, so that when the armature 


a generator was one of Mr. Weston’s 
latest pattern, known as the “fifty light 
incandescent machine.” The machine 
used as a motor was identical with the 
preceding, except that it was only in- 
tended to run forty lights. 

The machines were of the derived field 
type, that is, the field magnets were 
wound with comparatively fine wire, so 
that their resistance was about 800 times 
thé resistance of the armature. The 
terminals of the field wire were connected 
with the brushes directly, and there 
fore when the machine was running the 
magnets became charged even if the 
main circuit was not closed. 

In this machine the magnets are hori- 
zontally arranged above and below the 
armature. They are essentially two 
horse-shoe magnets with like poles 
turned toward each other. The arma- 
ture is wound with a continuous heavy 
wire which is brought out at every turn 
into a loop and soldered to the commu- 
tator. 

The core of the armature is made up 
of thin wrought iron discs separated 
by small washers of gelatinized fiber. 
The dises are shaped somewhat like a 
gear wheel, that is, they have teeth on 





* Abstract of a Thesis written at the Stevens Insti- 
tute of Technology. 


| axis. 
ridges is wound the wire of the arma- 
‘ture in a single layer, which, when fin- 


| der. 





is complete there are a number of ridges 
running its whole length parallel to the 
In the hollows between the 


ished, is of the same height as the 
ridges, making the whole a true cylin- 
The ridges are called “polar ex- 
tensions,” for by projecting through the 
layer of wire they come very near to the 
field magnets and increase the polarity 
of the armature when the machine is 
running, and consequently the intensity 
of the lines of magnetic force. The 
core is, moreover, pierced from end to 
end with several holes arranged at equal 


‘angular distances apart, and the discs 
‘of which it is made up being separated 
from each other by the space of about a 
‘twentieth of an inch, a complete system 


of ventilation is kept up by the action 
of the machine, and the armature is thus 
kept cool. Each disc has also two 
radial slots cut in it to prevent the for- 
mation of an extra currrent. The com- 
mutator is composed of copper sectors 
separated by gelatinized fiber strips. 
The brushes are of silver plated cop- 
per, each brush being composed of 
several strips, placed on one another, 
so that although the brush has great 
flexibility it has also sufficient springi- 





248 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





ness to cause it to press uniformly on | horizontal position by a prop at a dis- 
the commutator. _ tance of two. feet from the center of the 
Each brush is, besides, held ina spring | pin connecting the shafts. The lower 
clamp, which yields to any inequality of | end of the prop rested on a platform scale. 
the commutator. The brushes are ad-| The weight indicated was 170.5 lbs., 
justable at any angle about their axis, and since the lever arm of this weight 
and are in practice turned to the point of is divided by two, by the arrangement of 
least sparking, which is the neutral plane gear wheels above described, the weight 
of the machine. When properly ad- at one foot is 170.5 pounds. 
justed the sparking is inappreciable. Then to get the power transmitted 
The wire from each pair of field mag-| we have, 
nets terminates at a binding post on the) W = 170.5 x sine@ x (6.28 = 27)x 
top of the machine. When the genera- number of revolutions. 
tor is working to its full capacity these) Where W = work done in ft. lbs. per 
posts are connected by a short wire, but | min. 
when it is desirable to use only part of| Of this power, however, a certain per- 
the power of the machine, a variable re- | centage is lost in overcoming the friction 
sistance is placed between them. By | of the bearings and must be allowed for. 
altering this resistance the intensity of| To find the friction, the main and 
the magnetic field is varied, and the|field circuits of the generator were 
work done may be perfectly controlled. | broken but the brushes left on the ma- 
The resistance of the armature was .03|chine. A seven-inch pulley was fastened 
ohms, and the resistance of the tield|on the shaft of the generator, close to 
was 24.5 ohms, measured while warm, | the twelve-inch driving pulley. On the 
immediately after the experiments | small pulley a prony brake was arranged, 
ceased. 'so that when the engine was transmitting 
/power to the generator through the 
| dynamometer the energy absorbed by 
In measuring the power transmitted |the brake was substituted directly for 
from the engine to the generator, the | the electrical energy developed by the 
Kent dynamometer built by the class of machine when the circuits were closed. 
"76 of the Stevens Institute was used. Several experiments were made at dif- 
In this dynamometer the receiving and | ferent deflections of the pendulum. 
transmitting pulleys are each carried by| The variation was not great, but the 
a separate shaft. These shafts are in| mean is given. 
the same straight line, and upon the| The speed was constant, and was the 
ends which face each other there are two same as in all the experiments on the 
bevel wheels. A third bevel wheel at | efficiency of generator. 
right angles to these two connects them 
and transmits motion from one shaft to | Dyamometer: 
the other. This wheel is loose upon its | Sine of deflection =.33. 
axis, which is prolonged to form a pen- | Weight=170.5 lbs. ’ 
dulum, and is supported by a brass | Radius of driving pulley=16 inches. 
pin passing through it and fitting into ‘I herefore - a pressure 
holes in the transmitting and receiving | a: _ 170.5 x 33 _ 
shafts. A heavy weight is attached to, nteiet 1.33 a 
the end of the pendulum, and when the Prony brake: 
machine is running the pendulum is de- | . 30 inches 
flected from the normal vertical position | ae eee am a: ‘ 
to a position approaching more or less | Pressure on scale=7.25 Ibs. 
- Pressure at circumference of pulley 


the horizontal. 30 
The sine of the angle of deflection, =7.25x FG = 36.25 lbs. 


| 
| 
the weight of the pendulum and “bob,” | . : biiatae 
and the number of revolutions per min- | Since the dynamo pulley 1s 12 in di- 
ute determine the power transmitted. ameter; 42.30 — = loss 
The dynamometer was standardized as + at ee 
ins by friction, and 0) 314.2 per cent. 
The pendulum was supported in a friction. 


DESCRIPTION OF DYNAMOMETER. 
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FRICTION OF ARMATURE BEARINGS. 


Lack of suitable apparatus prevented 
us from determining this experimentally, 
but since it has been found for similar 
machines by repeated experiment to be 
less than 3 per cent., and since the bear- 
ings in the machine used were as nearly 
perfect as skiilful workmen and accurate 
mechanical means could make them 
(being a steel shaft running in gun metal 
bearings), we felt at liberty to assume 
the friction as 2.5 per cent. The bear- 
ings were oiled by continuous oilers and 
the heating was so small as to be imper- 
ceptible even after long runs. 


EFFICIENCY OF GENERATOR. 

In making tests for the efficiency of 
the generator, the current generated was 
carried by iron wire resistances running 
across the room from side to side in the 
open air, so that the heat generated was 
rapidly conducted away. 

A switch was so arranged that the 
generator could be instantly thrown out 
of circuit and the resistance of the line 
measured within five seconds. In this 


way the varying effect of temperature 


on the resistance was eliminated. 

All resistances were measured by a 
Thomson high resistance galvanometer. 
An electric lamp placed in a magic lan- 
tern threw a ray of light on the galvan- 
ometer mirror, which was reflected to a 
screen. 
fied motion to the image so that the 
scale could be read from some distance 
in a well-lighted room. 

CALORIMETER TEST. 

In determining the electrical energy 
developed by this method, a calorimeter 
_Was used in circuit with the iron wire 


resistance. 
This calorimeter consisted of a cylin- 


drical vessel of galvanized iron imbedded | 


in sawdust in a wooden box. By this 
means any great waste of heat by con- 
duction and radiation was prevented ; 
but as some heat must have been con- 
ducted by the wood, it was allowed for 
in each case by taking water at the 
atmospheric temperature and cooling it 
by means of ice to as many degrees 
below that temperature as it was to be 
raised above it by the heating of the coil. 
In this way the transfer of heat from the 
sawdust to the water during the first 
half of the experiment was equal to the 


This gave an immensely magni- | 


‘transfer from the water to the sawdust 
during the second half. The electrical 
energy expended in the calorimeter was 
measured by its heating effect on a coil 
of German-silver wire. The wire used 
in the coil was of No. 8. B. W. G. 

The coil itself was entirely immersed 
in the water, and its ends were soldered 
to two copper rods which were fastened 
in the calorimeter cover. In this way 
the high resistance wire being entirely 
under water, any over-heating was pre- 
vented. The resistance of thecoil was ex- 
actly .09 ohm at 74° Fahr. in the water. 

Distilled water was used in the calorim- 
eter, it having a much higher resistance 
than ordinary water, thus diminishing 

the tendency of the current to pass 
through the water from one turn of the 
coil to another. No evidence of such an 
action having taken place was, however, 
observed at the conclusion of the tests. 

An uniform temperature of the water 
in the calorimeter was secured by using 
two miniature screw-propellers of wood 
which were constantly turned in the 
water during the experiment. 

When everything was ready for the 
test the generator was run until the cir- 
‘cuit was thoroughly heated, and its 

resistance remained constant. 

The calorimeter was then thrown into. 
the circuit and an equal resistance of 
circuit thrown out, so as not to alter the 
total resistance. At the end of the test 
the resistance was measured as soon as 
the circuit was broken and before the 
wires had cooled. 


| DATA FROM THIS TEST. 


Weight of calorimeter empty, 31 pounds. 
| Weight of calorimeter full, 58.25 pounds. 
Weight of water in calorimeter, 27.25 
pounds. 

Range of temperature, =91.°2=68.°6= 
22.°6 Fahr. 

Specific heat for above range, =1.018. 

Time of test, =25 minutes. 

Resistance of iron wires and calorimeter 
coil, =.484 ohm. 

This resistance and field in multiple are 
=.475 ohm. 

Total resistance of circuit, =.475+.03= 
505. 

Resistance of calorimeter coil, =.09 ohm. 

Ratio of resistance of total circuit to 
resistance of calorimeter coil, = 


.505 
| —— 0.61. 
09 5.61 
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! 
RESULTS. } 


Energy developed in calorimeter = 
27.21 x —a 22°.6 x 772 _49330.89 
ft. Ibs. per minute. 

Total electrical energy developed in cir- , 
cuit, 19330.89 x 5.61=108446.28 fet. 
Ibs. per minute. 

Determination of the energy transmit- 
ted by the dynamometer in this test : 
Speed of dynamometer, =340 revs. per | 

min. 

Sine of the angle of deflection, =.36. 

Therefore, indicated energy = 
170.5 x .36 x 6.28 x 340=131056.4 ft. 
lbs. per min, 

Determination of the efficiency of gen- 
erator from the above : 

Energy consumed in turning armature | 
in field of force = 
131056.4 x .858=112446. ft. lbs. per 
min. 





108446.28 
112446 —— 

That is, 96.3 per cent. of the power 
applied to the armature pulley appears 
as electrical energy in circuit and mag- 
net coils. 

Now, to find the “ commercial efficien- 
cy,” or the ratio of the mechanical energy 
required to drive the dynamo (including | 
friction of armature bearings and agita- 
tion of air by armature) to the electrical 
energy which appears in external circuit, 
we have: 

Energy actually applied to armature 
pulley=total indicated energy less the 
friction of the dynamometer=131056.4 | 
X .883 =115722.8 ft. lbs. per min. Of the 
total electrical energy generated there | 
appeared in the armature—108446.28 x | 


.03 
50g = O4t2-35 ft. lbs. 


And the electrical energy consumed in | 
the field circuit, which appeared partly | 
as heat and was partly used in magnet- 


izing the cores=108446.28 x mae =.02 | 


.*. Efficiency = 


X 108446.28=2168.92 ft. lbs. per min. | 


Then the total internal work=2168.92 | 


+ 6442.35=8611.27 ft. lbs. per min. | 
Therefore the amount of energy ap- | 
pearing in external circuit=108446.28— | 
8611.27=99835.01 ft. lbs. and the com-| 
99835.01 _ 866 


mercial efliciency= 757998 


TESTS BY MEASUREMENT OF THE ELECTRO- 
MOTIVE FORCE AND RESISTANCE. 


In order to determine the electrical 
energy by this method, we first meas- 
ured the electro-motive force of the ma- 
chine and the resistance of the line very 
accurately. From these data we found 
the current flowing by the formula 


Then, knowing the current, the 


in 
~R 


electrical energy developed in external 
circuit is given by the following empiri- 
cal formula—c*R x 44.24=energy in ft. 
lbs. per min. 

The electro-motive force was meas- 
ured between the binding posts of the 
generator by means of a condenser and 
a Thomson high resistance galvanom- 
eter. 

The standard of electro-motive force 
employed was the Latimer Clarke cell. 
Two of these cells were obtained newly 
made up from the Western Union Tele- 
graph Company. They were allowed to 
charge a micro-farad condenser, and the 
condenser was then discharged through 
the galvanometer. A number of experi- 
ments were made with these in order to 
determine accurately the deflection on 
the scale corresponding toa cell. This 
deflection is proportional to the current 
flowing through the galvanometer coils, 
and, consequently, of the charge held by 
the condenser, which depends upon the 
electro-motive force of the charging cell. 

The deflection corresponding to one 
cell was found to be exactly five divisions 
of the scale. Elliott Bro.’s switch was 
used to connect the dynamo and galvan- 
ometer alternately with the condenser. 

The connections were made as perfect 
as possible by amalganation. 


DATA, 


Capacity of condenser=.05 micro- 
farad. Deflection of galvanometer with 
condenser charged by cell=5 divisions. 
Average deflection of galvanometer with 
condenser charged by dynamo=103.5 
divisions. Electro-motive force of cell= 
1.457 volts. 

Therefore, 5 : 1.457:: 103.5: (#= 
30.159 volts). Resistance of line while 
hot=.431 ohm. Since the electro-motive 
force was measured between the bind- 
ing-posts, the resistance of the armature 
was excluded. 
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Resistance of armature=.03 ohm. 


.. Resistance between binding-posts= | 


401 ohm. 
E 
Then—e= R 
__ 30.159 


= =75.2 webers. 


Energy developed in external circuit= | 


RX 44.24= 


(75 : 2)*x 401 x 44.24=100330.8 ft. lbs. 


per min. 
Total electrical energy— 


100330.8X a 


=107352.95 ft. lbs. per 
min. 
Energy indicated by dynamometer— 
Sine of mean deflection= .352 
Mean speed= 340 revs. 


Indicated energy— 

170.5 x .352 x 6.28 X 340=128306 ft. Ibs. 
per min. 

Applied energy (equal total energy 
minus combined friction) =128306 x .868 
=110087 ft. lbs. 

Therefore, efficiency of machine= 
107352. 95 
110087 
ually appeared as electrical energy in ex- 

ternal and field circuits. 

Determination of the commercial eff. 

Energy actually applied to armature 
pulley— 

128306 x .883=113294.19 ft. lbs. per min. 


Of this there appeared in the arma- 
ture— 


=.975 or 97.5 per cent. act- 


107352.95 x7 =7472.35 ft. lbs. per 
min. 


And in the field cireuit— 


.431 
107352.95 x 57-5 = 1887.76 ft. lbs. 
min, 
Therefore, total internal work = 


7472.35 + 1887.76=9360.11 ft. lbs. 
min. 


per 


per 


Then there appeared in external cir- 
euit— 
107352.95 — 9360.11=97992.84 ft. Ibs. 
And commercial efficiency= 


97992.84 
113294.19— 
| The resultant efficiency of the gener- 
ator wil] be the mean of the two efficien- 
‘cies as determined by the two methods, 
Or; 

| Average efficiency =.969 

Average commercial efficiency =.865. 


864. 


EFFICIENCY OF MOTOR. 


In determining the efficiency of the 
motor as a machine for converting elec- 
|trical energy into mechanical, we con- 
nected the generator and motor by heavy 
copper rods in order to reduce the loss 
of energy in the line toa minimum. A 


‘| prony brake was applied to the pulley of 


the motor and the pressure of its arm 
upon a platform scale measured directly. 
This gave an accurate indication of the 
power of the motor. 

To avoid heating of the brake by fric- 
tion, it was arranged in such a manner 

‘that a stream of cold water entered it at 
the top, and after passing through it to 
the pulley, escaped by a hole in the bot- 
tom. In this way we were enabled to 
make runs of any length of time. Be- 
tween the nuts which tightened the 
brake, and the brake itself, were placed 
thick rubber washers, which by their 
elasticity yielded to any inequality of 
motion, and kept the speed and corre- 
sponding pressure on the scale very con- 
stant. 

By means of the brake we could ap- 
ply variable loads and get various ratios 
between the speeds of the two machines. 

The electrical energy entering the 
motor was controled by altering the vari- 
able resistance in the field of the gener- 

| ator. 

Although this alteration diminished 
the intensity of the magnetic field, the 
work done in the coils did not vary un- 
til after the third decimal_place, so the 
commercial efficiency of the machine re- 
mained constant. 

The conditions, however, having been 

altered, the results are not such as can 
be plotted in a curve. 

It is to be remarked, that in these ex- 
periments, the machines which we used 
were so large that it was not possi- 

ble to work them up to their full capac- 

‘ity, the dynamometer being unable to 

' transmit sufficient power. 
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The results obtained are tabulated as 


follows: 
DYNAMO. 





Sine of 
deflection. 
circuit. 


Indicated 


Speed. 
power 
in ft. lbs. 


in external 


applied to 
~ | armature. 
applied to 
armature. 
Com. effi. 


~ Per cent. 
Ft. lbs. current 


Actual energy 


| 


1/405 . 355 153945.6) .883 135928 .638 86717 
"2/405 420 182132. 8 . 883 160820 -638 102603 


8/405 A 206983. 6 .883 [182763 .638 116000 





=| No. 








acai 
4/405) 515 223329 .5, -883 |197200, .638 125813 


aes PER ba . ——— 
5/405 .565 243060.6 .883 |214620).638 136927 





West dene Work ab- | Efficiency 


sorbed by | | of com- 
generator. | bination, 


| 944 


No. | 





135928 
~ -56017.6 | 160820 
~ g1012.0 | 182768 
197200 
214620 
169910 





65437.6 

96178.2 
| 7448.0 | 2 
“| 47916.4 | = 118701 
10 | 67541.4 | 132104 


| 





1 
2 
3. 
4 
5 | 125600.0 
-- 
7 
8 
9 





6,405 -520,225497.8 -883 ae 638 108402 


405 585 253685. -883 223995 638 142905 


7 
8/405) .66 (286208 .8 -883 254921 638 152688 
9 











Bs eee 
405 .31 134431.4 -883 118701 rs 75730 








10/405 .345/149609.1 .883 132104 .638 


11/405 .350/152777.3  .883 134895 . 638) 


12!405 360 156113.9 .883 137847 638 


131405 .515|228329.5 .883 197200, 638 125828. 


MOTOR. 

















! 
| Ft. Ibs. of | 

current | Effi. of 
in external mortar. 


circuit. 


Ft. Ibs. 
Wt.| given out 
by motor. 





2} 29264.8 
4 | 56017.6 


102603.0  .54 
6 | 81012.0 | 116000.8 
8 | 106006.4 125813.0 
“10 | 125600.0 730927.0 
wie ty 108402.0 
96178.2 | 142905.0 
74418.0 | 152638.9 | .481 
47916.4 | 75730.6 | .633 
67541.4 | 8279.8 .809 
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70888.4 | 87941.9 , .806 


115866 .0 125823.6 | -921 









































86717.0 | .887 | 


|———_——- = — = 
11 | 71843 .2 134895 


42 | ~~ 70888.4 137847 
‘Bi) 197200 | 





EFFICIENCY OF MOTOR. 


The motor, as a machine for convert- 
ing electrical energy into mechanical, 
seems to be excellently adapted to the 
purpose. The only point that admits 
|of improvement is probably the resist- 
| ance of the magnet coils, which should 
‘be higher in proportion to the resistance 
of the armature, thus taking less current 
to keep up the magnetic field. 


| 





EFFICIENCY OF THE COMBINATION. 


It is when the generator and motor 
|are coupled together that the efficiency 
\of the whole falls, as is shown by the 
| tables, to such a low percentage. 

| «The reason for this, however, and the 


2 | means of remedying it seem obvious. 


| By one of the fundamental laws of 
electricity, we know that the work done 
jin any portion of-an electric circuit is 
directly proportional to its resistance. 

| In the case of the two machines 
coupled, as in the above series of experi- 
ments, the resistance of each was very 
low and equal, while the resistance of 
the line was practically nothing. 

Under these conditions, nearly half the 
work must necessarily be done in the 
generator, and the results verified this 
law. 

In order then to increase the efficiency 
of the combination, more work propor- 
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tionally must be done in the motor and | of current, and, when coupled up with 
less in the generator. To accomplish | the generator, their resulting resistance 
this, we find by applying the above rule | would be the same as would be given toe 
that one of two things may be done, we |a single motor doing the combined work 
may either decrease the resistance of the | of all. 

generator or increase the resistance of! In this way each machine does in a 
the motor. In practice, a compromise | measure induce its own current and con- 
would probably be made, that is, the trols the current generated, so that if 
generator armature would have its|only one motor is running, the current 
resistance reduced, and the motor have | generated is only sufficient for it and as 
the resistance of its armature raised suffi-| each one is put in circuit the current in- 


ciently to cause nearly all the work to be 
done in the motor. : 

This applies to a single motor. 

Where several motors were supplied 
with current from a single machine they 
would probably be arranged in “ multiple 
arc,” and be of such a resistance that 
they would take only a certain amount 


creases in a ratio which just keeps each 
motor supplied with the proper amount 
of current. 

When by a course of experiment the 
proper ratio of resistances shall have 
been determined, there seems to be no 
reason why the combined efficiency 
should be below eighty per cent. 


THE ROLLING STOCK OF THE ST. GOTHARD RAILWAY. 
By R. ABT. 


From “ Organ fiir die Fortschritte des Eisenbahnwesens,”’ for Transactions of the Institution 
of Civil Engineers. 


Aurnoveu this railway is to be opened|number provided, taking the average 


to traffic this year the rolling stock is|from 1874 to 1879, was 30.2 per cent. 
still wanting, and great discussion has | On the St. Gothard line it was estimated 
taken place on the question, especially as | that it would be 40 per cent. Again, the 
to whether the engines are to be tank- or | paying load for goods during the same 


tender-engines. Whilst the existing years on the Swiss railways averaged 
Alpine lines are satisfactorily worked by | 27.51 per cent. of the gross load. Owing 
tender-engines, the frequency of good /|to the heavy traffic of the St. Gothard 
water stations on the St. Gothard, with | railway the proportion was estimated at 
other advantages, spoke strongly for the |40 per cent. The dead weight of car- 
use of tank-engines. To decide this and | riages per seat provided, for four- wheeled 
other questions a careful study has been | American cars, varies from 221 to 305 
made of the locomotive working in|kilograms. For the carriages of the St. 
Switzerland and other countries. | Gothard line it is 266 kilograms for four- 

The total length to be worked by the| wheeled and 186 for eight-wheeled car- 
engines of the St. Gothard line, including | riages. On the whole a weight of 250 
four branches, may be taken at 291 ki-|kilograms per seat may be assumed, 
lometers (180) miles. It was at first con-| which is equal to 605 kilograms per pas- 
sidered that the yearly traffic for the first | senger, or 700 kilograms for passenger 
ten years might be taken at 200,000 | and dead weight together. Again, the 
passengers and 400,000 tons of goods. average of the Swiss lines for goods 
Subsequently the estimate has been | wagons is 0.55 ton as the tare per ton 
raised to about 250,000 passengers and gross weight hauled; and since only 40 
450,000 tons of goods ; the traffic being, of | per cent. of the gross capacity is utilized, 
course, greater on the main line through! the dead weight per ton of paying load 
the tunnel, and less on the branches. _|is 1.375 ton, giving 2.375 tons as gross 

With regard to the ratio between dead | weight per ton of paying load. Hence 
weights and paying weights, it appears| results the following as the estimated 
that on the Swiss railways the number of | traffic on the various divisions of the St. 
seats occupied as compared with the|Gothard railway: 
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Line. | Traffic. ons. 


Gross weight | 


hauled per annum. | Ditto per day 
Tons. 


(The metric ton= 
0.9842 av. ton. 





Immensee to Bellinzona 


§ Passenger...... 19,600 
Goods..... eee | 


187,500 





Bellinzona to Chiasso 





| § Passenger. ..... 
Goods......... 


, ; Passenger 
Bellinzona to Pino Goods......... 


175,000 | 480 
960,000 2,606 





175,000 480 
237,000 651 





Bellinzona to Locarno 


{ Passenger..... 


i 105,000 | 288 
| 23,750 | 5 





With regard to speed, the actual 
speeds on the Mont Cenis (gradient | in 
33) are: 

Express trains.... 15 to 18 miles an hour. 


Ordinary “ .... 14to16 - - 
Goods sce Bee 3 * 


On the Brenner-Semmering the speeds 
are: 

Passenger trains, average 12 miles an hour. 

Goods - a 7 ™ 


Herr Gottschalk holds that a goods 
engine on such lines, gradient 1 in 40, 
should never exceed 9 miles an hour. 
Herr Hellwag fixed the conditions for 
the St. Gothard railway as follows: 

Miles an 
hour. 
In the valley, max. { Passengertrains, 27 

gradient 1 in 100... | Goods “ 10 
In the mount'ns, max. i Passenger ‘‘ 13 

gradient, 2.7 in 100. 1 Goods o 7 
In the tunnel, max.{ Passenger ‘‘ 18 

gradient, 2.58 in 100 Goods - 9 

With regard to the number of trains, 
allowing four hours out of the twenty- 
four for delays, and that passenger trains 
are thirty-one minutes, and goods trains 
sixty-three minutes, between Géschenen 
and Airolo, the possible number of trains 
per day would be twenty-five. If a cross- 
ing place were provided in the tunnel, 
the number could be raised to thirty- 
seven. With regard to the train loads, 
the terrible effects of a train breaking 
loose on such a line make it necessary to 
limit this according to the strength of 
the couplings. Even with the latest form | 
of couplings it is considered that the 
total stress should not exceed 64 tons. 
On the Semmering, on gradients 1 in 40 
and curves of 200-yards radius, this stress | 
is reached with goods trains of 200 tons. | 


On the St. Gothard railway the gradient 


is 1 in 37, but the curves have only 300- 
yards radius. The result will therefore 
be the same, and the greatest weight of 
train must therefore be taken as 200 
tons. 

The locomotives necessary for convey- 
ing the traffic under these conditions for 
the first year were estimated as follows: 

12 engines, 4-coupled, 25 tons adhesion wt. 
- - ¢ * SS - 
w- 6s “8 -« ‘ 


“ ““ 


Total48 “ 1,906 4% = 


For subsequent years the number was 
taken at eighty. The railway already 
possesses fourteen engines, and thirty- 
four new ones will therefore be required 
when the line is opened. In October, 
1880, the directors contracted for the 
supply of thirty-seven engines as fol- 
lows : 

Six tank-engines, four-coupled, with a 
four-wheeled bogie, for the passenger 
trains on the valley sections: diameter 
of cylinder, 164 inches ; stroke, 24 inches ; 
total heating surface, 1,120 square feet; 
weight loaded, 42.7 tons; smallest ad- 
hesion weight, 22.5 tons. 

Fifteen tank-engines, six-coupled, with 
a radial leading axle, for passenger trains 
on the mountain section: diameter of 
cylinders, 18.8 inches; stroke, 24 inches ; 
total heating surface, 1,302 square feet ; 
weight loaded, 51.5 tons; smallest ad- 
hesion weight, 33 tons. 

Sixteen tender-engines, with six wheels 


all coupled, for goods trains: diameter 


of cylinders, 18.8 inches; stroke 25 
inches; total heating surface, 1,378 
square feet; weight loaded, 61 tons; 
smallest adhesion weight, 38 tons. These 
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engines have tanks for carrying 4 tons | tendency to leave the direction in derail- 
of ballast water, to bring up the ad- | ment, (6) loss of the tender-brakes. 


hesion weight, if required, to 42 tons. 


As regards repair and maintenance, ex- 


The building of the heavy tank-engines | perience shows that a tank-engine costs 
|more than a tender-engine ; but not more 
than engine and tender together. 


was subsequently suspended. 
The Council of Management of the 


railway have pronounced the above type | 


of tender-locomotive to be ill adapted to 
the railway, and the number insufficient. 

In comparing the two classes—tender- 
and tank-engines—it will be assumed 
that the tank-engines have 42 tons as 
adhesion weight at starting, with 10 tons 
on the leading axle, and the tender-en- 
gines that have the same adhesion weight, 
with a tender weighing 11 tons empty, 
and 23 tons full. 

The following are the advantages of 
the tender-engine :—(1) Simplicity, (2) 
accessibility of parts, (3) lower level of 
center of gravity, (4) greater range in 
choice of construction and dimensions, 
(5) constant load on the axle, (6) constant 
tractive force, (7) greater tendency to 
preserve the direction in case of derail- 
ment, (8) more room for water and coal, 
(9) consequent capability of taking a 
worse quality of coal, (10) less risk for 
men and: passengers in accidents, from 
the presence of the tender, (11) use of 
strong tender-brakes. 

The disadvantages are as follows :— 
(1) Overhang of the fire-box, causing ob- 
jectionable and dangerous oscillations, 
(2) stiffness of the coupling between en- 
gine and tender, (3) great wear of the 
leading wheel flanges, (4) consequent 
wear of permanent way, (5) greater prob- 
ability of derailment from this cause and 
increased cost of maintenance, (6) large 
difference between the total weight and 
the weight utilized for adhesion, occasion- 
ing either the too heavy construction of 
some parts, or the carrying of ballast, 
(7) impossibility of completely inclosing 
the driver’s stand. 

On the other hand, the advantages of 
the tank-engine, with free leading axle, 
are as follow :—(1) Secure fixing of the 
boiler, (2) easy traveling, (3) safety on 
curves, (4) low resistance on curves, (5) 
uniform wear of the wheel flanges, (6) 
reduced wear of the permanent way, (7) 
possibility of inclosing the driver’s stand. 

The disadvantages are as follows :—(1) 
Variable load on axle, (2) variable tractive 
force, (3) confined space for driver, &c., 
(4) difficulty of access to some parts, (5) 


needed. 


On the St. Gothard railway it would 
not pay to burn inferior coal, as the 
freight is very heavy; hence the large 
coal space of the tender-engine is not 
The leading bogie is not, of 
course, a feature of tank-engines alone, 
but its use is there much more easy and 
valuable. The question of tender-brakes 
has lost much of its importance now that 
many goods wagons have brakes, and 


‘that automatic continuous brakes are 


coming so rapidly into the field. 

As to the efficiency of the engines, the 
gradient in the Kehr tunnel on the 
Northern division, is 2.3 per cent. The 
continual wetness of the rails diminishes 
the resistance on curves, but also di- 
minishes the adhesion, which must not 
be calculated at more than one-eighth. 
On the south side there are gradients in 
the open up to 2.7 per cent., so that the 
adhesion is the same on both sides. The 
resistance may be taken as 0.005 ton per 
ton of engine and train. Then the great- 
est weight hauled will be 187 tons, giv- 
ing 122 tons of train-load for the tender- 
engine, and 135 tons for the tank-engine. 
The latter will, of course, lose tractive 
force, as its water and coal diminishes ; 
but it appears that when it has lost 5} 
tons its train load will still be equal to 
that of the tender-engine. 

The consumption of fuel may be taken 
as for the Brenner, viz, 94 kilograms 
(207 lbs.) per 1,000 ton-kilometers. The 
weight of the trains may also be assumed 
as the same, say 65 tons. This, with 
the tank-engine, gives a total weight of 
110 tons. It follows that the whole 
length of 90 kilometers, from Erstfeld 
to Biasca, might be run with 900 kilo- 
grams (1,980 lbs.) of coal, and 7 cubic 
meters of water, and therefore without 
replenishing. There must always, how- 
ever, be a stoppage before entering the 
tunnel, and water and coal can be easily 
taken in at that time. The weight of 
the goods trains may be taken at 120 
tons, or 169 tons with the engine. This 
would require 10 cubic meters of water 
and 1,400 kilograms of coal. Coal and 
water must therefore be taken in once 
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during the journey, whether tank-en- 
gines or tender-engines be used. 

The lower dead weight of the tank-en- 
gine is, of course, a saving in point of 
fuel. It is calculated that on the mount- 
ain part of the line the saving would 
amount to 4,200 francs per annum. It 
appears, then, that tank-engines are 
equally efficient, safer, easier in running, 
and more economical, in wear and tear 
and in fuel, than the corresponding 
tender-engines. Since some tender-en- 
gines have already been ordered, it can 
only be suggested that half the stock 
should be in one form and half in the 
other. : 

As to the performance of the engines, 
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‘section of the line. 


On the valley sec- 


tions, where the speeds are 45 and 17 


the number of engines employed on the, 
five main Swiss lines, in the summer of 


1880, was as follows: 
In service 276, or 60.8 per cent. 
In reserve 71, or 16.6 per cent. 
Under repair 107, or 23.6 per cent. 


‘Taking these in round numbers as 60, | 
20, and 20 per cent.. it is found that the 


St. Gothard line will require fifty-one en- 
gines in all. 


kilometers, the corresponding numbers 
will be 48,000 and 30,000 kilometers per 
annum. ‘These figures are confirmed by 
the mileage of certain engines on the 
existing Swiss railways. 

To obtain a high mileage for locomo- 
tives the following are the chief points to 
be attended to: 

(1) The engines must be properly con- 
structed, and of good material. 

(2) There must be a good distribution 
of the work, both for the drivers and the 
engines. 

(3) There must be a_ well-equipped 
work-shdp, to make sound and rapid re- 
pairs. 

As an illustration of No. 2, the total 
weight taken over the Mont Cenis line 
in 1878, exclusive of engines, was 1,024,- 
500 tons, or 2,807 tons per day. ‘This 
was hauled by thirty-seven engines, hay- 
ing a total adhesion weight of 1,798 tons. 
Adding the tenders at 20 tons each, the 
total engine weight working per day 
was 2,538 tons, to haul only 2,807 tons 


The annual mileage of the engines on|of train load; in other words, the en- 


the Swiss normal lines has steadily de-| gine weight 90 per cent. of the train 
clined from 30,393 kilometers in 1874 to| weight, and three times as great as the 
24,839 in 1879. Herr Hellwag assumes paying weight. 

that, on the St. Gothard line, the pas- | 
senger engines will run 30,000 kilometers, | amount of traffic which could be worked 


and the goods engines 34,000 kilometers 
per annum,on the mountain section. 
The question here is the time that the 
driver's firemen will practically work in 
each twenty-four hours. 

On the Swiss railways the average 
time is 154 hours per day in service, of 
which 74 are actual running. In Ger- 
many the figures are 17.4 and 9.6 re- 
spectively. On the French East Railway 
they are 10 and 5 for express trains, 10 
and 6 for passenger trains, and 12 and 74 
for goods trains. On the Belgian rail- 
ways the average is 10} hours in service. 
For the St. Gothard railway the hours 
of service may be assumed to be 14, of 
which 6 will be actual traveling, for 
quick trains, and 9 for slow trains; and 
this for two hundred and twenty days 
per annum. Assuming the speed to be 
22 kilometers per hour for quick trains, 


and 12 for slow trains, it is found that | 


| 


A table is given, which shows the 


}over the St. Gothard line by the thirty- 


one engines ordered, assuming their per- 
formances to be as above described. 
It appears that the performauce of the 
passenger engines would be greater 
than that estimated as necessary on the 
line, but that of the goods engines con- 
siderably less. This difficulty might be 
overcome for a time, if the directors 
resist the temptation of opening the 
line with a large service of trains, which, 
in the case of a trunk line across a 
mountain chain, is quite unnecessary. 
It.remains, however, that they should 
at once proceed with the design and 
construction of goods engines of a more 
powerful character. The type of these 
engines will be mainly determined by 
the three following conditions: (1) 
Utilization of the whole weight for ad- 
hesion; (2) fixed wheel-base of less 
than 3 meters: (3) load per axle of not 


the passenger engines will run 43,000| more than 12 tons. 


kilometers, and the goods engines 24,000 
kilometers per annum, on the mountain 





On the Austrian Southern Railway an 
eight-coupled engine, of 52 tons adhe- 





ENGINEERING NOTES. 


sion-weight, hauls a train of 200 tons 
total weight (the maximum which has 
been suggested for the St. Gothard 
line), including 25 tons for the tender. 
A 70-ton tank engine, with twelve driv- 
ing wheels, would haul, with a smaller 
consumption of fuel, about 30 per cent. 
more of train weight than the tender 
engine; in other words, would take up 
in three trips a weight for which the 
other would require four. Such a double 
six-coupled engine would practically haul 
300 tons across the mountain, and could 
thus convey the maximum daily train 
weight of 3,250 tons in eleven trains ; 
adding four mixed and ten passenger 
trains, the total number per day would 
be twenty-five: which could be worked 
without a crossing place in the great 
tunnel. The conclusion is that twelve- 
wheeled engines of this kind, more or 
less resembling the Fairlie type (of 
which three hundred have now been 
built) should be used for the St. Goth- 
ard line. [It is not stated how the 


difficulty of excessive strain on the coup- 
lings is to be got over. ] 


——__—~@>oe—— 
REPORTS OF ENGINEERING SOCIETIES. 


‘er AMERICAN Socrety OF CIviL ENGI- 
; NEERS.—The last number of the Trans- 
actions contains: 

Paper No. 238. —Subaqueous 
ning. By A. G. Menocal. 

Paper No. 239.—The Mean Velocity of 
Streams Flowing in Natural Channels. By 
Robert E. McMath. 


| Hyeem ree CLUB OF PHILADELPHIA.—The 

last issue of the Proceedings contains: 

Paper No. 3.—Applications of Logarithms 
to Problems in Gearing. By Milford Lewis. 

Paper No. 4.—Working Strength of Bridge 
Posts. By G. P. Bland. 

Paper No. 5.—Thickness of Cast Iron Pipes. 
By P. H. Baerman. 

Paper No. 6.—Resistance to Traction on 
Roads. Rudolph Herring. 

Paper No. 7.—Philadelphia and Long Branch 
Railway. By C. 8S. D’Invilliers. 

Paper No. 8.—Brick-work under Water 
Pressure.—By D. MeN. Strauffer. 

The Strength of Wrought Iron Columns. 
By Thos, M. Cleeman. 


— ope 
ENGINEERING NOTES. 


r}.\HE WaTER SuPPLY OF ALEXANDRIA.— 

Alexandria has been threatened with a 

water famine. Its supply is drawn from the 

Mahmoudie Canal, which communicates with 

the Nile at Atfeh. Into this canal] runs also the 

Khatatbeh Canal, which at one time drew its 
Vout. XX VII.—No. 3—18. 
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supply from the Raid Canal, but now gets its 
water from large pumps erected last year by 
Messrs. Easton and Anderson, Erith Ironworks, 
Kent. These pumps are fixed at Khatatbeh. 
There are ten of Airy and Anderson’s patent 
screw pumps, each 12ft. diameter, and capable 
of deilvering 144 tons of water per minute to 
a height of 10ft. 6in. Eight pumps are worked 
together, delivering 1152 tons per minute. 
They are driven by two pairs of compound 
inverted direct-acting engines of the marine 
type, running at 75 revolutions per minute 
under 65 lb, steam. There is also one reserve 
engine. The pumps have been working regu- 
larly since the middle of April, and were 
stopped about the 18th inst. in consequence of 
the danger to the staff employed about them. 
The pumps were made for the Behera Irriga- 
tion Company, for which Messrs. Easton and 
Co., of London and Cairo, were consulting 
engineers. The works were under the im- 
mediate charge of Mr. H. C. Anderson, at 
Cairo. On the 12th of June, a 24 hours’ run 
gave the extraordinary high duty of 1-horse 
power of water lifted 3.25 meters per hour for 
3.05 lb. of Welsh coal which had deteriorated 
considerably from long exposure to a tropical 
sun. The duty has ranged between 78 and 8&3 
per cent., that is, the ratio between the work 
done in lifting water and the indicated horse- 
power. We understand that a guard has been 
sent out to protect Atfeh. If the works there 
are stopped, Alexandrta will be without water, 
but this is not now feared. 


FTXUNNEL UNDER THE Boston MountTAIN.— 

At 5 o’clock this morning the workmen 
of the two ends of the tunnel under the Boston 
Mountain, 23 miles south of this city, on the 
line of the St. Louis & San Francisco Railway, 
shook hands through the division wall. A few 
minutes later Mr. McDonald, the superin- 
tendent of the tunnel works, under the charge 
of Cameron & Holly, Col. Cameron, and Capt. 
Hinckley, division superintendent, passed 
through the aperture made by the completing 
blows of the workmen. Track will be com- 
pleted through the tunnel in two weeks. This 
is the finishing stroke on the St. Louis and 
great Southwestern thoroughfare. The hole is 
1,730 ft. in length, and is the most important 
work of the kind in the State. The big 
bridge, 800 ft. long and 123 ft. high, just south 
of the Boston Mountain, is also about com- 
pleted. Trains from St. Louis to Fort Smith, 
by way of the Frisco, will run on the 15th of 
August next. 


ry \ue Fortu Brivee.—There has just been 

completed on the island of Inchgarvie,the 
spot where the central piers of the Forth 
Bridge structure are to rest, a wind gauge for 
the purpose of indicating the lateral pressure 
of the force of the wind from east to west. 
The erection is composed of an enormous mass 
of heavy timber—about fifty tons in all—which 
is placed upon the square tower and upwards 
of the old castle on the island. The top of the 
erection is about 100 feet above high-water 
level, and the apparatus upon which the wind 
exerts its force is a large flat screen of thick 
planks. This screen exposes to the wind about 
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200 square feet of a surface, and is mounted 
on small roller-wheels moving on iron rails 
parallel to each other. At each corner, and on 
both sides, are placed strong spiral springs re- 
sembling in some degree the buffer-springs of 
locomotives. On the east side of the screen 
are fixed steel wire conductors, by which the 
wind pressure is led to the indicator below. 
The apparatus is now in good working order, 
and the highest pressure registered since the 
erection is only one-fourth of the strain which 
the bridge is calculated to stand. 


HE PANAMA CANAL.—The latest reports 
from the Isthmus are again rose-colored, 
or intended to be so. The line of the canal 
through the virgin forest has been almost en- 
tirely cleared. The great cutting of the Cor- 
dilleras, at the highest point of its course, has 
been begun. ‘The Couvreux excavators are in 
operation—it is said, much to the suprise of 
the Americans, who had predicted that they 
would not work. It seems to be considered a 
matter for great congratulation that the death- 
rate has fallen below 70 per 1000, at which 
figure it had long stood; and the sanitary con- 
dition of the employes is held to be much im- 
proved. 


——-- —___ 


IRON AND STEEL NOTES. 


“RON AND STEEL PRODUCTION IN Russta.— 
The production of pig-iron was, in— 
Sree Sees 23,212,772 puds. 

5 26,061.3823 ‘‘ 

26,956,350 

24,408,319 ‘ 

25,472,540 <“‘ 


221,360 


25, 


Average...... 
and in 1879, 26,412,806. 


The quantity of steel turned out rose in— 
1874 526,778 puds., 

789,258  <* 

“* 1,093,719 

** 2,702,863 

** 5,801,754 


to 


“e 
«e 
“e 


“ec 


2,182,873 


Average...... 
and in 1879, to 12,929,170 
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| numerous orders for the State railways, and to 
the premiums granted by the Government. 
The manufacture of wrought iron and steel 
barely amounts to half the demand. To form 
a just idea of the measure in which the produc- 
tiou is inferior to the consumption, it is sufti- 
cient to call to mind the quantity of rails 
necessary for tho construction and repairs of 
the iron ways of the Empire. In 1879, there 
| were 21,841 versts of railway opened, without 
countiog the sidings. Besides, the Russian 
railway system receives marked additions every 
year; and the double line of way is coming 
generally into use. Besides rails, large quanti- 
ties of iron and steel are absorbed in the con- 
| struction of bridges, the fixing of the rails, the 
‘rolling stock, and in buildings.x—Journal of 
Society of Arts. 


IELD OF STEEL PLATES.—The steel de- 
partment of the Dalzell Iron and Steel 
Works, at Motherwell—Mr. David Colvill’s— 
continues taxed to its utmost capacity in the 
manufacture of ship and boiler-plates, beams 
and bars. The yield on occasional shifts 
reaches astonishing figures. The slabbing 
hammer is a fine powerful tool capable of 
giving a blow exceeding 406 foot-tons, and is 
worked in connection with three gas heating 
furnaces. The plate rolling mill has two pairs 
of 28in. rolls by 8ft. long, and is driven by a 
magnificent pair of Ramsbottom reversing 
engines. ‘Two large gas furnaces heat the slabs 
for tais mill. The following tigures from Mr. 
Colville’s books give the material charged and 
the finished ship and boiler-plates yielded 
during two succeeding shifts of twelve hours 
each on the 9th inst.:—Hammer: Day shift, 
ingots charged, 73 tons 7 ewt, 3 qr.; slabs and 
billets produced, 67 tons 0 ewt. 3qr. Ham- 
mer: night shift, ingots charged, 79 tons 0 cwt. 
2 qr. 21 Ibs.; slabs and billets produced, 73 
tons 14 cwt. 2 qr 21 lb. Plate mill: day shift, 
slabs charged, 66 tons 0 cwt. 3 qr. 69 Ib. , finished 
| plates yielded, 52 tons. 5 cwt. 0 qr. 3 Ib. 
| Plate mill: night shift, slabs charged, 67 tons 
13 ewt. 1 qr. 23 lb.; finished plates yielded, 52 
tons 8ecwt. 1 qr. 3lb. Witha single hammer 
and plate mill worked with a similar furnace 
power this production has never, we believe, 
been surpassed. 


———_egp>o—__—_ 


The production of pig-iron was, therefore, | 


increased by 940,266 puds, with respect to the 
previous year’s returns, anil by 1,191,446 puds, 
as compared with the average of the five- 
yearly period. 

In wrought iron there was an increase of 
432,125 puds over the figure of the previous 
year, and a diminution of 361,423 puds from 
the average of the years from 1874 to 1878. 
This diminution is the natural consequence of 
the rapidly increasing production of steel, 
which has made extraordinary progress, espec- 
ially at St. Petersburg, in Poland, in the Oural, 
and in the Brjansk establishments. 

The year 1879 shows, for steel, an increase of 
7,127,416 puds over the figures of the preceding 
year, and of 10,747,297 puds over the five- 
yearly average. Tnis increase in the steel 
manufacture is almost entirely due to the 
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rue British Navy.—A parliamentary re- 

turn just issued shows the amount of 
shipping—tons weight of hull—estimated and 
built from the year 1865-6 to the year 1881-2 
for the British navy. The total number of 
irenclads, and wooden, iron, and composite 
vessels actually built during that period in her 
Majesty’s dockyards and by contract amounted 
to 322,952 tons, to the value of £15,174,690. 
The smallest quantity of shipping built in any 
one year during that period was 13,566 tons in 
1866-7, and the largest quantity in the _ fol- 
lowing, when 27,422 tons were built. The 
greatest value represented by the shipping con- 
structed in one year was in 1876-7, when 
£1,423,418 were expended in the construction 
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of 24,230 tons of shipping, pen com- 
posite vessels. The return also includes a 
statement of the amount of money proposed to 
be spent on labor, and that actually spent on 
the several ships building in her Majesty’s 
dockyards during the year 1881-82, showing 
the corresponding tonnage. For armored 
ships the amount proposed to be spent was 
£339,357, and that actually spent £350,535, 
upon a tonnage actually built of 10,748. For 
unarmored vessels, the amount proposed to be 
spent was £137,956, and that actually spent 
£169,939, upon 4690 tons actually built. The 
amount of unarmored ships proposed to be 
built by contract during 1881-2 was 4050 tons, 
at an expenditure of 220,645; the amount act- 
ually built was 8172 tons, for which £194,119 
has been paid. There were no armored ships 
built by contract during that period. 


\ TEEL FACED ARMOR PLATES.— Some recent 
i) trials have been made of steel-faced armor 
plates for the protection of the Collingwood, 
now under construction at Pembroke. In our 
issue of January 20, we recorded the results of 
the testing of a plate measuring 8 fect in height 
by 6 feet in breadth, with a thickness of 11 
inches, of which the steel face was 334 inches. 
It was constructed according to Wilson’s pro- 
cess, and was fired at three times by the 9-inch 
12-tox1 gun on board the Neétle at Portsmouth. 
Of the few cracks which were produced by the 
impacts, only two extended to the edge of the 
plate, and none went beyond the depth of the 
steel face, so that the 714 inches of iron back- 
ing remained whole and unbroken at the end of 
the ordeal. The maximum penetration worked 
by the 250-pound projectile was 4.7 inches, 
while the bulges at the back never exceeded 
five-eighths of an inch. The hardness, tough- 
ness, and resistance of the plate were such that 
it was felt that the 9-inch gun had ceased to be 
an adequate test, and it was accordingly 
resolved not only to make use of the 10-inch 
18-ton gun in all subsequent armor testing, 
but to subject the already injured Cammell 
plate to an attack from the larger caliber. 
This wholly exceptional trial took place 
recently at Portsmouth, but the results of the 
firing were only ascertained on Tuesday of 
last week, when the plate had been removed 
from the bulkhead. In order that the tre- 
mendous character of the second ordeal may be 
fully understood, it may be mentioned that the 
initial velocity of the 9: inch projectile propelled 
witha battering charge of pebble powder is 1420 
feet per second, and that its enerzy at the 
muzzle is 125 foot tons per incb of circum- 
ference. The projectile of the 10-inch gun, on 
the other hand, while it has a slightly less 
initial velocity, or 1364 feet per second, bas an 
energy of 166-foot tons. It was thought that 
one shot from the large gun at 30 feet would be 
sufficient to complete the disintegration of the 
plate, and, as a matter of fact, so confident 
were the gunnery officers that a second round 


would not be required that only one siot | 


and charge were brought from below. The 
projectile hit the target about a foot below the 
indent inflicted by the second sbot, at the 


previous trial, and at equal distances from the | 
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‘right and lower edges. To the surprise of 


everybody the impact had apparently no effect 
whatever upon the plate, no new cracks being 
produced, while the old ones remained pre- 
cisely as they were. The head of the shot 
remained imbedded in the plate. Three more 
shots were discharged at the plate near the 
margin. Nos. 2 and 3 developed former cracks 
only, while the last round caused a new crack 
to appear, extending from the indent to the 
edge. In no instance, however, was the plate 
cracked through, the injury stopping short at 
the point where the steel face is welded to the 
iron backing. To all appearances the plate bas 
suffered little injury from the second bombard- 
ment, and it is a remarkable circumstance, and 
at present wholly inexplicable, that, while the 
9-inch gun made an indent on the surface of 
the plate 4.7 inches deep, the heavier gun with 
its increased striking energy only penetrated 
4.4 inches. On the plate being taken from the 
bulkhead it was found that the bulges resulting 
from the first trial in January were five-eighths 
of an inch, while the bulges produced by the 
10-inch shot were one inch and one sixteenth in 
extent. In both instances the curvature of the 
surface was free from cracks. This plate is 
the most successful which has yet been tested 
at Portsmouth, and the result of the severe 
ordeal througb which it has passed will proba- 
bly reopen the question as to the expediency of 
superseding the old protection of our men-of- 
war by the new compound armor.—Lagineer. 


ry win-ScREwW STEAMERS FOR THE GOVERN- 
MENT OF THE ARGENTINE REPUBLIC. — 
In November of last year the Consul General 
of France for the above republic entered in a 
contract with Messrs. Edwards and Symes, 
ss and engineers, Cubitt Town, Lon- 
don, E., for the construction of four iron, light 
draught twin-screw steamers On the 20th of 
May “the first of these steamers—which is 
named La Capitul, 85 ft. long, 15 ft. beam, and 
1¢ ft. deep, with raised quarter-deck and fore- 
castle— being pearly completed, proceeced 
down the river to the measured mile at Long 
Reach for her tirst official trial trip, and although 
the weather was very unfavorable for the trial 
of such a light draught vessel, yet she came up 
to every expectution of her builders, who 
deserve hearty congratulations on tue resulis of 
her trial trips The mean draught of water was 
under 314 ft , and mean speed ‘obtained on six 
consecutive runs being as near as pos-ible 11°4 
knots. On the 8th inst., she again proceeded 
down the river for her second official trial trip, 
having been loaded with twenty two tons of 
cargo, making her mean draught of water 4 ft. 
Under these conditions the mean speed attained 
on six consecutive runs was 11 knots, thus 
more thau fultiling the expectations of her 
builders, and the contract speed. The propel- 
ling machinery is composed of two ordinary 
independent compound surface conden-ing 
engines with high- pressure cylinder, 11 in. in 
diameter, and low-pressure 20 in. in diameter, 
each set driving a screw 4 ft. indiameter. The 
engines are supplied with steam frum an 
ordinary marine return tube boiler, which main- 
tained a pressure throughout the trials of 90 Ib., 
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Criving the engines 195 revolutions per minute, 
the vacuum in both condensers being 26 in., 
the whole of the machinery working well 
during the whole time. the vessel was under 
steam. The second vessel of the four ordered, 
which is the first of a smaller class of the 
above type, will proceed down the river next 
week for her first official trial, the results of 
which we shall give at a future date. The 
builders have lately constructed two beautifully 
fitted yachts, and besides the above four ‘have 
now in hand building a fire engine tug-boat, 
three cargo steamers, a paddle steamer, besides 
several smaller craft and steam launches.— 
Engineer. 


NoveLt ATLANTIC STEAMER.—We learn | 


that a Swedish engineer, Captain Lund- 
borg, has just concluded an agreement with 
Messrs. Charles L. Wright & Co., of New 
York, for the construction of a fleet of steam- 
ers, built on Captain Lundborg’s patent, to 
run between New York and Liverpool. The 
inventor alleges to have founded a new basis 
for the construction of fast-going vessels ; in 


fact, he asserts that a vessel of his type will run | 


close upon 21 knots per hour, and thus accom- 
plish the passage across the Atlantic in 514 
days. The dimensions of the vessel are:— 
Length, 450 feet ; greatest width, 66 feet ; 
draught, when loaded, 23 feet. Her weight is 
10,881 tons, and she will be driven by four 
engines of 4500 horse-power each, working two 
propellers, as, according to the inventor, the 


high rate of speed which he aims at cannot be | 
be | 
built entirely of steel, with a false bottom, and | 


obtained by only one. The vessel will 


watertight compartments of a novel cellular 


form. The proportion between the length and | 
breadth of the ship is 7 to 1, instead, as is the | 


case with steamers now in use, of 10-11 to 1, 
and which the inventor states will increase her 
strength. Above the water line she will not 
exhibit any remarkable appearance, but the 
submerged part of the hull is entirely different 
in construction to anything before tried in ship- 
building, the widest part, 15 feet to 16 feet, 
being far under the surface and ending aft 
horizontally. The propellers run in the vessel’s 
hull, and not, as usual, on shafts outside it. 
Another feature distinguishing Captain Lund- 
borg’s construction is the bow of the vessel, 


which is sharpest at the water line—quite the | 


reverse of what is the case with vessels at 
present in use—and broadens downwards tothe 
keel, « circumstance which, it is stated, will 
add to the stability of the vessel and prevent 
lurching. There will be two rudders steered 
simultaneously, and the propellers are fixed 
behind them. The construction of the first 
steamer is to be commenced at once at Wash- 
ington. She is to accommodate 600 first and 
1000 second and third class passengers, whilst 
carrying 2700 tons of coals and 550 tons of 
goods. It is expected that about a year and a 
half will be required for buiiding the vessel.— 
Iron. 


RIALS OF MacuINE Guns.—Captain Cod- | 


rington and the gunnery staff of Her Maj- 
esty’s ship Excellent have recently been oc- 


cupied with final experiments in connection 
| with machine guns, and more especially with 
|a view of testing the efficacy of several naval 
| carriages and mountings proposed for machine 
guns. The trials were held on board the Ex- 
cellent and also upon Whale Island, in Ports- 
mouth Harbor. A new mounting was tried for 
the Nordenfelt 2-pounder gun of 144 inch cali- 
ber, as the mounting previously adopted was 
found too light to secure the desired accuracy. 
The new mounting was ascertained to be emi- 
nently satisfactory, as will be seen from the re- 
sults of the firing. Ten shells fired for accu- 
racy with deliberate aim between each shot 
gave, at 300 yards range, a mean deviation 
from the point of impact of only 5°4 inches. 
Seven out of the 10 shots hit the bull’s-eye, 
while the least favorable of the other three hits 
was only three inches below the bull’s-eye. 
The gun was then fired for a minute for accu- 
racy, combined with rapidity. With a com- 
paratively slow aim, 12 shots only were dis- 
charged during the time, but of these four were 
bull’s-eyes and eight inners, the mean devia- 
tion being six inches. The next trial was to 
fire at 300 range for a couple of minutes, 
against two targets, 120 feet apart, and at dif 
| ferent levels, changing the aim from one target 
to the other between each shot. Twenty-four 
rounds were fired in the two minutes. One 
missed the target in consequence of its being 
fired before the gun was laid. Of the 23 
hits, three bull’s-eyes, six inners, and three 
magpies were scored on the right target, and 
four bull’s-eyes, five inners, and two magpies 
were scored on the left target. There were no 
outers. The new mounting was thus proved 
| to do perfect justice to the gun, which at pre- 
vious official trials, as from time to time re- 
ported in these columns, has given great satis- 
|faction. With its high initial velocity of 1740 
feet per second it has penetrated a 11¢ inch 
steel plate, or 214 inches of iron, at 300 yards; 
and it. has fired as many as 29 shots in one 
minute without deliberate aiming. The weight 
of the n is 3 cwt., and it has_ been 
tried with solid steel projectils, as well as 
chilled and common shells. A new system 
of bulwark mounting was afterwards tested 
at the request of Mr. Nordenfelt, who had sent 
down three separate naval bulwark carriages 
suitable for rifle caliber macbine guns. These 
consisted of a carriage for the heavier guns, 
such as the Gardner 5-barreled and the Nor- 
denfelt 10-barreled guns, weighing respectively 
21¢ ewt. and 2cwt.; a carriage for medium 
weight machine guns, such as the Gardner two 
barreled and the Nordenfelt 5-barreled guns, 
each weighing about one cwt.; and a bulwark 
carriage for light machine guns, such as the 
Gardner one-barreled and the Nordenfelt 3-bar- 
|reled, each of which weighs half a hundred 
weight. These bulwark mountings were made 
on the same lines as the carriage used by the 
| Navy for the Nordenfelt 1-inch gun _ with 
|screw motion, by means of band wheels for 
| elevating as well as traversing. The 10-barrel 
| Nordenfelt gun on the heavier mounting, when 
firing at 300 yards 10 rounds from one barrel 
| without adjusting the aim between the shots, 
gave a mean deviation of 614 inches. Of 100 
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rounds fired rapidly 83 hit within a quadrangle 
of 7 feet by5 feet. The tive-barreled Nordenfelt 
gun fixed on the medium weight mounting, 
ave, at 300 yards, 544 inches mean deviation 
tor 10 shots fired without adjustment of aim; 
and of 50 tired rapidly 34 shots fell within a 
quadrangle of 814 feet by 6 feet. Tested in 
the same manner on the light mounting, the 
3-barrel Nordenfelt gavea mean deviation of 9 
inches out of 10 shots; while 28 projectiles out 
of 39 fired hit within a quadrangle of 7 feet by 
6 feet, eight of the hits being bull’s-eyes. The 
three representative mountings were next 
tested for strength and stability. The 10 barrel 
Nordenfelt gun fired 3000 rounds in 3 min. 3 
sec.; the 5-barreled fired 1000 rounds in 1 mip. 
41 sec.; and the 3-barrel gun fired 390 rounds 
in11-3 min. After this very severe test the 
carriages were found to have lost none of their 
steadiness and rigidity, while the guns, as well 
as their carriages, worked at the end without 
more exertion than at the beginning. The 
guns had neither been cleaned after the accu- 
racy trials, nor cleaned or oiled during the rapid 
firing. The 10-barreled gun had one misfire 
out of 3000, and the other guns had five mis- 
fires out of 13890 rounds. The feeding and ex- 
traction of all the guns worked without a 
hitch or jamb of any kind, and the same man 
fired the whole of the 4390 rounds without 
difficulty. The whole of the guns used the 
same old service Gatling cartridges as were 
used at Shoeburyness in 1881, before the cart- 
ridge rims were thickened to suit the Gard- 
ner guus. In order to test the convenience of 
the new carriages for following moving objects, 
the guns were fired at alternate targets 120 
feet apart, changing target between each dis- 
charge, the gun being in each instance laid 45 
dey. off the targets and 10 deg. below the 
level of the targets. The time of laying the 
guns on the first target was counted within the 
half-minute allowed foreach gun. The 10- 
barrel gun on the heavier mounting gave an 
average of eight volleys (80 shots), the 5-bar- 
rel, 11 volleys, and the 3-barrel, 12 volleys in 
the half-minute. The 5-barrel gun was fired 
from a special masthead mounting provided, 
in addition to the three mountings previously 
used. One hundred rounds were fired in 10 
seconds, without deliberate aiming, at 300 
yards, 59 shots hitting a target 12 feet by 6 
feet. One hundred rounds were af:erwards 
tired in 27 seconds, with deliberate aiming be- 
tween each volley, when 64 shots hit the target. 
The 1-barrel gun, weighing 16 lbs., was fired 
froma light portable deck carriage, with the gun 
only 2 feet above the deck. The first 30 rounds 
were fired in 1114 seconds, and the second 30 
rounds in 10 seconds—equal toa rapidity of 
fire of 180 rounds per minute. Five thousand 
five hundred rounds of Gatling cartridges in all 
were fired without any hitch, thus showing 
that Mr. Nordenfelt has entirely overcome the 
disadvantages in feeding and ex'racting rifle 
cartridges which were remarked upon by the 
Committee of Machine Guns in 1880 and 1881 
at Shoeburyness.—/Jron. 


RAILWAY NOTES. 
‘JHE total number of deaths and injuries re- 
ported by the railway companies to the 


Board of Trade during the year 1881 is given 
in the following table: 
Killed. Injured. 


1881. 1880. 1881. 1880 


Passengers— 
Accidents to trains, &c. 23 993 905 
Accidents from other 

causes 85 £67 709 
Servants— 
Accidents to trains, &c. 19 
Accidents from other 

Sco wise nian 502 523 2278 1962 
Level crossings........ 838 74 32 30 
Trespassers, including 

SN io ak where's 328 336 131 =156 
Other persons 43 102 79 


168 118 


1135 4571 3959 


In addition to the above—One passenger was 
killed and 112 injured whilst ascending or 
descending steps at stations; forty-four in- 
jured by being struck with barrows, falling 
over packages, &c., on station platforms; 
thirty-six injured by falling off platforms; and 
two killed and sixty injured from other causes. 
Of servants of companies or contractors, six 
were killed and 963 injured whilst loading, un- 
loading, or sheeting wagons; one was killed and 
303 were injured whilst moving or carryin 
goods in warehouses, &c.; five were killed anc 
172 injured whilst working at cranes or cap- 
stans; fourteen were killed and 239 injured by 
falling off platforms, ladders, scaffolds, &c. ; 
eight were killed and 576 injured whilst work- 
ing on the line of its sidings; and one was 
| killed and 231 were injured from various other 
|causes. Nine persons who were transacting 

business on the companies’ premises were also 
| killed, and 119 were injured—making a total in 
| thisclass of accidentsof fifty-three persons killed 
}and 4015 injured. The total number of per- 
' sonal accidents reported to the Board of Trade 
| by the several railway companies during the 
| year amount to 1149 killed and 8676 injured. 
‘For 1880 the total was 1180 killed and 6692 
; injured. 


|} ‘ne Northern Railway Company of France 

is making a series of experiments with a 
| view to demonstrate that automatic action of 
‘continuous brakes is not indispensable to 
| stoppage of the tail of a train in case of rup- 
| ture of the couplings in course of the ascent of 
}a hill. On rising and falling gradients the 
| stoppage of the tail of a train has been effected 
| with the vacuum brake by means of the com- 
/munication cord connecting the engine with 
| the rear wagon, where there must apparently 
|be another or second brake. At the moment 
|of rupture of this cord intentionally caused 
|the brake is set free by the descent of a 
'counterbalance weight, and the tail of the 
train stopped. The experiments yet made have 
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been between Paris and Lille, in presence of 
engineers from the Northern and the Belgian 
State Railways, and are to be continued. The 
Moniteur Industriel says the Belgian engineers 
have asked for a fresh trial with the train run- 
ning down a gradient on the line between Paris 
and Montsoult. 


r\ ue Swiss Railway Gazette—the Hisenbahn 

of Zurich—reports that the Heberlein 
automatic friction brakes, which were intro- 
duced on trial on the Berne-Chaux-de-fonds 
line about five months since, ‘* have giver such 
thoroughly satisfactory results that the direc- 
tion of the Jura Berne Lucerne Railway has 
decided on the gradual adoption of these 
brakes; and as a commencement, the express 
and passenger trains on the Berne Lucerne line 
are being fitted up in readiness for this season’s 
traffic. By the adoption of these powerful 
brakes, which admit of stopping trains more 
quickly at the stations and of descending steep 
inclines at greater speed, a considerable accel- 
eration of the train service can be secured, 
which, in the case of the Berne Lucerne line 
—which is 95 kilos. long and has seventeen 
intermediate stations and inclines of 1 in 50— 
will amount to a reduction of half an hour ina 
journey of three hours and a-half. It results 
from the above that continuous brakes are not 
only valuable in the case of express trains, but 
also more especially in that of such passenger 
trains as have to stop frequently at stations 
only short distances apart, and which conse- 
quently run very often between the stations 
with even a greater speed than the actual ex- 
press trains.” The Heberlein brake bas under- 
gone important modifications since we illus- 
trated it in our columns, and is daily making 
important progress on numerous railways, 
chiefly on the Continent. On the Royal Prus- 


being fitted with the Heberlein automatic brake, 
and the Imperial German Board of Control for 
Railways seems to be wholly in favor of this 
mechanical brake, instead of brakes using 
vacuum or air pressure. 


ky a paper recently read before the Institu- 
tion of Civil Engineers in Ireland, en- 
titled ‘‘ Engineering Notes in Ceylon,” by H. 
F. A. Robinson, the author says:—‘‘ The center 
of Ceylon is mountainous, and it is only of 
late years that a trace was discovered by 
which a railway could be brought up to Kandy 
from the low country. As it is, the line runs 
for about fifty miles nearly level, and then 
ascends for twelve miles at a uniform gradient 
of one in forty, with curves as sharp as five 
and a-half chains. Two engines are necessary 
to take the train up this pass, and the time for 
the distance is over an hour. Coming down, 
brakes are applied to every car separately, 
which, as may be imagined, has the effect of 
greatly shortening the life of the rolling stock. 
The gauge of this line is 50 ft. 6in., or the 
ordinary Indian gauge. The sleepers, which 
are all imported, are creoseted, which, besides 
improving the sleeper, renders it impervious to 
the ravages of white ants. The carriages are 
very similar to those in ordinary use at home, 
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although they are better ventilated; but they 
are very stuffy and uncomfortable, and, in 
fact, not fit for the climate. American cars 
would be much more suitable forthe European 
passenger traffic, as they have thorough ventila- 
tion, which is so necessary in the East.” 


——_—_egpo—_—_—_——_ 
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N EpnHeEMERIS OF MATERIA MeEpiIca, 
PHARMACY, THERAPEUTICS AND COLLAT- 
ERALINFORMATION. By E. R. Squibb, M. D.; 
E. H. Squibb, 8. B., M. D.; C. F. Squibb, 
A. B., Brooklyn. 


-]_) ROFESSIONAL 
SERVICE. 
No. 2. Isothermal Lines of the United States; 
1871-80. By Lieut. A. W. Greely. 
No. 3. Chronological List of Auroras; 1870- 
79. By Lieut. A. W. Greely. 
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No. 5. Construction and Maintenance of 
Time-Balls. Prepared under direction of Brvt. 
Maj. Gen. W. B. Hazen. 

No. 6. Reduction of the Pressure Sea Level. 
By Henry A. Hazen, A.M. 


—_— WEATHER REPORT FOR May. 


TRANSACTIONS OF THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS. 


ROCEEDINGS OF THE ENGINEERS’ CLUB OF 
PHILADELPHIA. 


A MERICAN JOURNAL OF MATHEMATICS, 
Vol. 4, No. 4. 


J. FFICIENCY OF STEAM ENGINES AND Con- 
Iu pirions or Economy. By Robert H. 


: : . S-| Thurston, A.M., C.E. 
sian railways a large quantity of new stock is | 


r| ROUGH the kindness of Mr James For- 

rest, Secretary of the Institution of Civil 
Engineers, we are in receipt of the following 
valuable papers of the Institution: 

Lancaster Waterworks Extension. By James 
Mansergh, M.1.C.E. 

Bridges in New Zealand. By Robert Hay, 
A. M., I.C.E., and Harry P. Higginson, 
M.I.C.E. 

The burning of Town Refuse at Leeds. by 
Charles Slagg, A.M., I.C.E. 

Canal Navigation in Belgium. By A. Go- 

By 


bert. 
Richard 
By Robert 


The Rokuzo River Bridge. 
Vicars Boyle, M.I.C.E. 

New York Elevated Railroads. 
Edward Johnston, M.I.C.E. 

Light Scaffolding. By Jobn 
A.M., I.C.E. ; 

The Design of Structures to Resist Wind 
Pressure. By Charles B. Bender. 

The resistance of Viaducts to Sudden Gusts 
of Wind. By Jules Gaudard (Republished in 
this Magazine). 

Steel for Structures. By Ewing Matheson, 
M.I.C.E. 

The Theory of the Gas Engine. By Dugald 
Clerk (will be republished in the present vol- 
ume of this Magazine). 


Cundy, 





BOOK NOTICES. 


Ho DRAINAGE AND SANITARY PLUMB- 
Inc. By Wm. Paul Gerhard. Prov- 
idence: E. L. Prceaman. 

This is the best contribution to practical 
sanitary science that we have yet seen. The 
author clearly specifies the objects to be ac- 
complished, and then in the most elaborate 
manner describes the best approved mechanical 
appliances devised for such accomplishment. 

The illustrations are very numerous and very 
good. 
~ We shall shortly republish a large portion of 
this essay in this Magazine. 


Decoration. By James 
London: Crosby 


LEMENTARY 
William Facey, Jun. 
Lockwood & Co. 

But few subjects attract more general at- 
tention at present than decoration. Only the 
rudimentary principles of house decoration are 
here ximed at, but the book is well filled with 
useful information. The illustrations are nu- 
merous and varied, and relate not only to dec- 
orative forms but the place and method of 
application. 

This book is No. 
Weale’s Series. 


ScHooL Course on HEat. 
d den, M.A. London: 
Marston & Searle. 

The author informs us in a brief preface, 
that the book is intended to supply a want felt 
by many who are teaching the subject of heat 
to such classes as those in the English public 
schools. And furthermore that the chief char- 
acteristics of the book are: 

1st. That the reasonings and explanations 
are al first very elementary; brevity being only 
gradually attained. 

2d. The writer has introduced collateral sub- 
jects for the purposes of elucidation. 

3d. The mathematical parts are carefully 
treated, and typical examples are worked out. 

4th. Questions on the subject matter of cach 
chapter are given at the end of it. 

5th. A shorter course than that presented by 
the whole book is found quite completely given 
by the omission of certain marked sections. 

The typography is very good, and the illus- 
trations, about 120 in number, are of excellent 
character and well adapted to the text. This 
book will do its best service with students who 
are working without the aid of a teacher. 

§ tag MILITARY TELEGRAPH DURING THE 

Crviu WAR IN THE UsITeD STATES. 
By William R. Plum, LL.B. New York : 
D. Van Nostrand. 

The object of this work is to show the valu- 
able services rendered by the Military Tele- 
graph Corps in the late Civil War. In order to 
illustrate the importance of the Telegraph, and 
give it its due setting, it was considered neces- 
sary to give a running account of the struggle 
itself. In this the author has been greatly 
aided by important telegrams, and other papers, 
official and otherwise, which have never been 
published, and by many Southern operators 
who have furnished interesting and important 
facts from their point of view. The author 
has striven to be accurate and just; avoiding 
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debatable questions, and seeking concisely to 
state material facts. 

The ancient and modern methods of com- 
munication are explained; also the Federal and 
| Confederate cipher system. 
| The work consists of 2 octavo volumes with 
|a total of 767 pages, with portraits and illus- 
trations. 

r[\He BorLer-Maker’s READY RECKONER. 

By John Courtney; Revised by D. Kinnear 
'Clark, C.E. London: Crosby Lockwood & 
| Co, 

This is but little more than a book of con- 
| venient tables for the boiler maker. Enough 
| practical geometry precedes the tables to in- 
| struct the artisan in the method of Jaying out 
| his work. 

The tables afford the piece- work plater who 
is paid by the ton, huw to find the weight of 
his iron when he has the size of it. Riveters 
may reckon the payment of the holderon from 
the rivet table. Smiths may get information 
in regard to circumferences of circles of angle 
iron and plate iron. 

The work is designed to save much vex- 
| atious and intricate work to the artisan of riv- 


| eted iron structures. 

| Se OF THE SOLAR EcLipsé OF JULY, 
1878. By Cleveland Abbe. Washing- 

ton: Government Printing Office. 

This Report forms No. 1 of the Professional 
Papers of the Signal Service. 

Chapter I. is chiefly devoted to the instruc- 
tions issued for the benefit of observers along 
the line of totality. 

Chapter II. details the operations of the 
Signal Service Expedition to Pike’s Peak, and 
isthe more important part of the Report. 

Chapter III. is a collection of the miscel- 
laneous observations and reports to the number 
of eighty. 

Chapter IV. gives a summary of results. 

A large number of sketches of the corona are 
appended. 


RRs Economics. ScreNCE SERIES, 

No. 59. SrrenetH oF WrovuGut IRON 
BripGE MemsBers. ScreNCcE Serres, No. 60. 
By 8. W. Robinson, C.E. New York: D. Van 
Nostrand. 


Our readers have already had an opportunity 
of judging of the merits of these two treatises, 
as they are both reprints from the Magazine. 

The first one contains two topics quite of an 
original character and of undoubted value to 
railway engineers: The Bridge Indicator and 
Easement Curves. 

In Part II. of the second one is found an ex- 
ceedingly concise compendium of Practical 
Formulas for Beams, Struts, and Columns. 


LECTRIC LIGHTING. Translated from the 

French of Le Comte Th. Du Moncel. By 

Robert Routledge, F.C.S.. London: George 
Rutledge & Sons. 

This work is well designed to meet the wants 
of those who profess only a general knowledge 
of physical science, and who desire to under- 
stand the relative merits of the many so-called 
systems of Elegtric Lighting. 

Part I. After a brief historical sketch of pub- 
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lic electric lighting, the author defines the terms 
necessarily used in discussing the comparative 
merits of the various modern magneto-electric 
and dynamo machines. 

Part II. Describes the generators of electric 
currents for the production of light, taken in 
the order of their invention. This leads to a 
full description of the various magneto ma- 
chines with their theory of action. 

Part III. Gives full descriptions of the 
Electric Lamps including their regulators. 

Part IV. Deals with the economic question 
of cost of Electric Lighting. 

Part V. Discusses the actual and probable 
applications of the Electric Light 

The original work gives us the state of prog- 
ress down to 1880. An appendix by the trans- 
lator gives descriptions of the later lamps. 

The illustrations are numerous. 


INEAR ASSOCIATIVE ALGEBRA. By Benja- 
min Peirce, LL.D. New York: D. Van 
Nostrand. 

The number who will read this work and at- 
tain a thorough understanding of it is certainly 
quite limited. But of the mathematical stu- 
dents who in studying it will reap great benefit 
through the more expanded views of mathe- 
matical research they will gain, the number is, 
without doubt, very great. 

It is the work of one of the first mathematical 
minds of our day, and only accomplished 
mathematicians can tell us how valuable it is. 

Lithographed copies of the treatise were dis- 
tributed by the author among his friends in 
1870. It was printed first for the American 
Journal of Mathematics. The present edition 
is a new one, with addenda and notes by C. 8 
Peirce, the son of the author. 

The book is a quarto of 133 pages and is 
beautifully printed. 


——— a> 
MISCELLANEOUS. 


BREMOND states as a general law that, 
- by reason of rarefaction of air, ‘‘gas 
loses at least one liter of illuminating power 
per 50 meters of altitude.” He give the details 
of an interesting experiment made on the 
Northern Railroad of Spain, observations being 
taken at various altitudes on the way from 
Madrid, 595 meters above sea-level, to La Can- 
ada, a station 1373 meters above sea-level. 
The following table, in which Paris is taken 
as a unit of comparison, gives some of the re- 
sults of his experiments: 
Barometric 
Altitude, pressure, Illuminat- 
City. meters. millimeters. ing power. 
ae 0 0.754 105 
Vienna... 68 0.747 103 
Moscow... 235 0.732 99 
Madrid.... 573 0.705 87 
Mexico.... 2212 0.572 30 


j\RoM a recent work on ‘‘ Metal Alloys,” 
published in Germany, the author, ‘Mr. 
Guetlier, gives a few suggestions on the sub- 
ject of fusing the metals, with which the Jew- 
élers’ Journal prefaces the recipes selected. (1) 
The melting pot should be red-hot—a white 





| process of vulcanization. 
| made experiments for a number of years in or- 
|der to find a method of preserving the india- 
}rubber. He now finds that keeping in an at- 
|mosphere saturated with the vapors of the 


heat is better—and those metals first waaatite in 
it which require the most heat to fuse them 
(2) Put the metals in the melting pot in strict 
order, following exactly the different fusing 
points from the highest degree of temperature 
required down tothe lowest, in regular se- 
quence, and being especially careful to refrain 
from adding the next metal until those already 
in the pot are completely melted. (3) When 
the metals fused together in the ‘crucible re- 
quire very different temperatures to melt them 
a layer of charcoal should be placed upon them, 
or if there is much tin in the alloy a layer of 
sand should be used. (4) The molten mass 
should be vigorously stirred with a stick, and 
even while pouring it into another vessel the 
stirring should not be relaxed. (5) Another 
hint is to use a little old alloy n making new, 
if there is any on hand, and the concluding 
word of caution is to make sure that the melt- 
ing pots are absolutely clean and free from any 
traces of former operations. 
] N the Opinion of Herr W. Hempel the hard- 
ening of vulcanized india-rubber, which 
takes place with piping and other goods after 
a short period of use, is caused by the gradual 
evaporation of the svlvent liquids contaimed in 
the india-rubber, and introduced during the 
Herr Hempel has 


solvents answers the purpose. —India-rubber 
stoppers, tubing, &c., which still possess their 
elasticity are to be kept in vessels containing a 
dish filled with common petroleum. Keeping 
in wooden boxes is objectionable, while keep - 
ing in air-tight glass vessels alone is sufficient 
to preserve india-rubber for a long time. Ex- 
posure to light should be avoided as much as 
possible. Old hard india-rubber may be soft- 
ened again by letting the vapor of carbon 
bis sulphide act upon it. As soon as it has be- 
come soft it must be removed from the carbon 
bisulphide atmosphere and kept in the above 
way. Hard stoppers, the Journal of the So- 
ciety of Chemical Industry says, are easily 
made fit for use again in this manner, but the 
elastic properties of tubing cannot well be re- 
stored. 


W. SprinG bas shown that, when a mix- 
ture of bismuth filings, cadmium, and 
tin, in the proportions necessary for the forma- 
tion of Wood's alloy, is subjected to a pressure 
of 7,500 atmospheres, the mass thus obtained 
powdered and again subjected to the same 
pressure, a metallic block is formed which has 
all the physical properties of the alloy. Its 
specific gravity, color, hardness, brittleness, 
and fracture are the same ; and when thrown 
into water heated to 70 degrees it melts at once. 
In like manner Rose’s metal was made by sub- 
jecting the proper mixture of lead, bismuth, 
and tin to high pressure. If ziac and copper 
filings are repeatedly subjected to pressure, a 
mass resembling brass is finally obtained. If, 
however, on the other hand, the attempt is 
made to ‘‘ squirt” brass, zinc and tin will be 
squirted, and the copper remain. 
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